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1.0 | NTRODUCTI ON

1.1 OVERVI EW

Section 112 of the Clean Air Act (Act) requires that the U S.
Envi ronment al Protection Agency (EPA) establish em ssion standards
for all categories of sources of hazardous air pollutants (HAP).
These national em ssion standards for hazardous air pollutants
(NESHAP) nust represent the maxi num achi evabl e control technol ogy
(MACT) for all major sources. The Act defines a nmmjor source as:

...any stationary source or group of stationary sources

| ocated within a contiguous area and under conmon contr ol

that emts or has the potential to emt, in the aggregate,

10 tons per year or nmore of any hazardous air pollutant or

25 tons per year or nore of any conbination of hazardous

air pollutants.

In July 1992, the initial |ist of source categories for
regul ati on under section 112 of the Act was published. "Paper and
Ot her Webs (Surface Coating)" was included as a source category. To
nore clearly define the source category, the EPA subsequently deci ded
to call the source category "Paper and O her Wb Coating Operations.”
The NESHAP for the paper and other web coating (POAC) industry wll
establish standards for nmmjor sources in this source category.

The POWC source category can be described as processes that
apply a uniformlayer of material (coating) across essentially the

entire length and/or width of a continuous substrate (web) to provide



a covering, finish, or functional or protective |layer to a substrate,
to saturate a substrate or to provi de adhesion between two substrates
for lamnation. This definition serves to distinguish the POAC
source category fromthe printing and publishing source category,
whi ch can be described as processes that apply words, designs, or
pi ctures to a substrate. Wb coating is done in the manufacture of
sonme mgj or product types such as: pressure-sensitive tapes and
| abel s; photographic filnm industrial and decorative |am nates;
flexi ble vinyl products; flexible packagi ng; abrasive products; and
fol di ng paperboard boxes. Because this source category is defined by
t he broad web coating operation, other product types nmay be included
under the POWC source category.

The purpose of this docunment is to summarize the background
i nformati on gathered during the devel opnent of the POANC NESHAP
1.2 PROJECT HI STORY
1.2.1 Background

The POWC i ndustry can be divided by technol ogy, substrate, or

type of product. Further divisions and industry segnents can be
identified in each of the major industry divisions. Mny
manuf act uri ng processes i nclude web coating operations as one step in
t he production process. It is estimated that nore than

400 establishnments in the U S. have web coating operations.

Surface coatings usually provide a covering, a finish, or
decorative, functional, or protective layer to a substrate. Coatings
for |l am nation purposes provide adhesion for the case where two
substrates are pressed together. For exanple, polyvinyl chloride
filmmy be coated with an adhesive and then | am nated to (pressed
onto) fabric to manufacture wall coverings. |In sonme processes, the

web is forned on the coating line where it is then coated and wound.
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The coating industry can be divided by technology into
segnents, such as gravure coaters, roll coaters, dip coaters,
extrusion coaters, etc. \Wile the industry manufactures a w de range
of products, the manufacturing process varies |little by product. The
coating industry can also be divided by the type of substrate coated.
The primary substrates coated by the industry are paper, film and
foil. The industry uses a range of filnms including polyester,
pol yet hyl ene, pol ypropyl ene, polyvinyl chloride, and cell ul ose
acetate. O her substrates coated by the industry include foam and
fabric.

The coating industry can additionally be divided by the type of
product. The types of products manufactured by the industry include
but are not |limted to: pressure-sensitive tapes and | abels;
phot ographic film coated vinyl; wall coverings; sandpaper and ot her
abrasi ves; paperboard boxes; vinyl flooring; industrial and
decorative | am nates; carbon paper and carbonl ess paper; circuit
boards; and business forns.

The devel opment of NESHAP for the POWNC industry nust take into
account areas of overlap with other industries and NESHAP for other
source categories. Potential areas of overlap are printing, fabric
coating, and coil coating.

Many products manufactured by the POANC i ndustry are printed and
coated, often on the same production line. The printing and
publ i shing NESHAP, ! pronul gated in May 1996, allows facilities that
print and coat different materials on the same line, or print and
coat the sanme substrate on different lines, to cover their coating
operations under the printing and publishi ng NESHAP. St and-al one
coating equi pnent can be included as part of the affected source
under the printing and publishing NESHAP if it is simlar to the

printing presses in any of the following ways: it applies solids-
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containing materials to the sane web or substrate; it applies a
common solids-containing material; or it uses a common control device
for control of organic HAP em ssions. Therefore, many facilities
whose coating operations could be covered under the POAC NESHAP nmy
instead opt to cover their coating operations under the printing and
publ i shi ng NESHAP. Al so, although facilities coating fabric will be
primarily covered under fabric coating, printing and dyei ng NESHAP,
facilities will likely be given the option of covering their fabric
coating operations under the POAC operations NESHAP

Sone segnents of the POAC industry are already subject to
regulations limting their volatile organic conpound (VOC) em ssions.
In 1978, the EPA devel oped a control technique guidelines (CTQ
docunment for surface coating of paper and fabric.2 The EPA
promul gat ed new source perfornmance standards (NSPS) for pressure-
sensitive tape manufacturers, flexible vinyl coating and printing
operations, and polymeric coating of supporting substrates.3®#%5
VWil e none of these regulations were specifically directed at
reduci ng HAP em ssi ons, many HAP used by the POWC industry are al so
VOC. Exanples of HAP that are frequently used by this industry and
are also volatile organic conpounds (VOC) are formal dehyde, nethyl
et hyl ketone, nethanol, toluene, and xylene. Therefore, many control
devices installed by the industry to reduce VOC em ssions al so reduce
HAP em ssi ons.
1.2.2 Data Gathering

The POWC NESHAP project began in March 1996. In |ate 1996, a
qguestionnaire was devel oped and distributed by the EPA, with the help

of the Pressure Sensitive Tape Council (PSTC), to determ ne HAP use
and control in the pressure-sensitive tape and | abel segnment of the
POWC i ndustry. In 1997, the EPA devel oped and distributed a

questionnaire, with the help of the Chem cal Fabrics & Film
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Associ ation (CFFA) and the National Association of Photographic

Manuf acturers (NAPM), to determ ne HAP use and control by film
formati on and coating operations. Also in 1997, the EPA devel oped
and distributed a questionnaire to detern ne HAP use and control in

t he manufacture of industrial and decorative |am nates, with the help
of the Lam nating Materials Association (LMA), the National

El ectrical Manufacturers Association (NEMA), and the Associ ation of

I ndustrial Metallizers, Coaters, and Lam nators (Al MCAL).

The EPA questionnaires were designed to eval uate HAP em ssi ons
fromthe industry and the current | evel of control of HAP em ssions
by the industry. The questionnaires were included with information
collection requests (ICR) sent out under the authority of section 114
of the Act. Questionnaire responses were solicited from
104 conpani es that manufacture pressure-sensitive tapes and | abels,
40 conpani es that operate filmformation and coati ng equi pnent, and
49 conpani es that manufacture industrial or decorative |am nates.

Besi des information obtained fromthese questionnaires, the EPA
made several site visits to POAC facilities. Also, the EPA net
and/ or conversed with many trade associ ati ons and industry
representatives. Oher sources of information obtained for the
project include enm ssion data fromthe 1996 Toxi c Rel ease |nventory®
(TRI') database, trade organization surveys, the Aeronetric
| nformati on Retrieval System’ (AlIRS) database, and the literature.
1.2.3 Emi ssions and Control Data

The avail able em ssions and control information for the POAC
i ndustry are summarized in Chapters 2 and 3. Most of the information
coll ected from POANC surveys is based on cal endar year 1996, but
represents current practices in the industry. Control efficiency

data are also representative of current conditions. In sone segnents
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of the industry, there has been a shift away from HAP use to either
nonHAP VOC or wat erborne material s.
1.3 DOCUMENT ORGANI ZATI ON

Thi s docunent is organized into six chapters designed to
expl ain the background information collected for the paper and ot her
web coating NESHAP. Follow ng this introduction, Chapter 2 presents
a profile of the paper and other web coating processes and industry.
Chapter 3 describes the em ssion control techni ques used by the POAC
i ndustry. Model plants devel oped to represent major sources in the
POWC i ndustry are presented in Chapter 4, along with control options
and enhanced nonitoring for the industry. |In Chapter 5, the
environnental and energy inpacts of the control options for the POAC
i ndustry are presented. The cost inpacts of these control options

devel oped for the nodel plants are presented in Chapter 6.
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2.0 THE PAPER AND OTHER WEB COATI NG | NDUSTRY

2.1 | NTRODUCTI ON

The paper and ot her web coating (POAC) industry consists of the
application of various coatings onto web substrates to manufacture a
wi de range of products, including, but not limted to, pressure-
sensitive tapes and | abels, vinyl film photographic paper and film
fl exi bl e packagi ng, industrial and decorative |am nates, sandpaper
and ot her abrasives, and wall coverings.

Al t hough the industry manufactures an extensive |ist of
products, the coating processes used by the different segnments of the
i ndustry are very simlar. Typically, the substrate (web) is
unwound, coated, rewound and/or cut to size, and packaged.
Alternatively, a web nmay be unwound, coated, and then conmbined with
another material by lam nation (either before or instead of being
rewound) .

Em ssion sources are also simlar throughout the different
i ndustry segnents. Coating application and drying/curing are the
| argest em ssion sources for all segnments of the industry, with
m ni mal HAP em ssions from cl eaning, coating m xing, coating and
sol vent storage, and wastewater. Coating |ine em ssions can
represent up to 96 percent of the total HAP em ssions from coating
operations.! Sonme segnents of the industry al so manufacture
substrates onsite. In the flexible vinyl industry segnent of the
PONC i ndustry, 38 percent of the facilities responding to an EPA



survey stated that flexible vinyl substrates were fornmed onsite.? In
t he photographic filmindustry segnent, 20 percent of the respondents
i ndi cated that they formed flexible vinyl substrates onsite.?3

Many industrial facilities performboth coating and printing
operations. Wthin the printing industry, the rotogravure and w de-
web fl exography product and packaging printing industry segnent (that
i ncludes the flexible packaging industry as a major subsector) does
the nmost coating, with material use distributed al nost equally
bet ween i nks and coatings.#®> Printing operations are covered under
EPA' s promul gated Nati onal em ssion standards for hazardous air
pol lutants (NESHAP) for the printing and publishing industry.® The
printing and publishing NESHAP covers all types of printing
operations and includes an option for facilities that perform both
printing and coating to cover certain coating operations under the
printing and publishing NESHAP. Therefore, many of the facilities
whose coating operations could be covered under the NESHAP for the
POWC i ndustry may opt to cover these operations under the printing
and publishing NESHAP. A detailed discussion of the printing and
publ i shing industry is included in the background information
docunent for that industry.’

In the responses fromthe PON survey of the pressure sensitive
tape and | abel, flexible vinyl, photographic film and decorative and
i ndustrial [amnates industry segnents, 8 percent of all (824)
coating application stations were printing stations. 1In the
i ndi vi dual segnents, the flexible vinyl industry segnent had the
hi ghest percentage of printing stations at 30 percent. The other
i ndustry segnents had nmuch | ower percentages of printing stations:
decorative and industrial |am nates and photographic film both had 2

percent, and pressure-sensitive tapes and | abels had 0.7 percent.?
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Section 2.2 includes a discussion of the typical coating
processes used by the POAC i ndustry. Section 2.3 contains a POAC
i ndustry profile that includes a discussion of the major segnents of
the POWC industry, and the types of coatings and operations that are
specific to those segnents of the industry. References may be found
in Section 2.4. Appendix Alists the facilities that responded to
t he EPA survey of the POAC industry.
2.2 OVERVI EW OF THE COATI NG PROCESS

Section 2.2.1 provides a definition of a "web coating
operation.” In Section 2.2.2, the typical conponents of the coating
process are explained with detail ed descriptions of coating
applicators and ovens. The types of coatings used in the POAC
i ndustry are described in Section 2.2.3.
2.2.1 Coating Operations

A web coating operation may be defined as a process that

applies a uniformlayer of material (coating) across essentially the
entire length and/or width of a continuous (web) substrate to provide
a covering, finish, or functional or protective |layer to a substrate,
to saturate a substrate or to provi de adhesi on between two substrates
for lam nation. Some coatings actually formpart of all of the
substrate, such as photographic, x-ray, and mcrofiche filny vinyl
for wall and wi ndow coverings; the back side of carbonl ess paper; and
reactive resins used in the manufacture of decorative and industrial
| am nates.® These materials may or may not be further coated,
printed, or processed. Coatings for |am nation can al so provide
adhesi on between two substrates. 10

The distinction between a printing operation and a coating
operation may not al ways be obvious. Printing my be described as a

process that applies words, designs, or pictures to a substrate.
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Al t hough printing and coating are distinct operations for regulatory
pur poses, they have many simlarities.
2.2.2 Coating Process

Conmponents of a typical coating line in the POAC i ndustry

include an unwind roll, one or nore coating applicators and drying
ovens, a rewind roll or cutting/slitting operation, and flash-off
area. Each coating application station may use the sanme type of
coating applicator or different types of applicators. Typically, an
oven imediately follows each application station. The coating
applicator and the oven are the main em ssion sources on the coating

line.

2.2.2.1 Coating Applicators. Several different types of
applicators may be used to apply the coatings. The npost common types
of applicators used by the industry include (roto)gravure, reverse
roll, slot die, knife, flexography, Mayer rod, dip and squeeze, and
extrusion/ cal endering. O her types of applicators nmay be used for
sel ected coating operations, but these are the primary types of
applicators used by the POAC i ndustry.

Tabl e 2-1 shows the breakdown of coating applicators used by
respondents of the POWNC survey.!'! Fromthese data it can be seen
that gravure coating applicators were used the nost (at 32 percent of
the coating stations), with roll and/or reverse roll coaters used
second nost (at 20 percent), and slot die used third nost (at
10 percent), together accounting for alnost two-thirds of the coating
application stations. The eight remaining coating applicator types
t oget her account for approximately one-third of the coating
applicators in the surveys.

2.2.2.1.1 Rotogravure. Rotogravure (web-fed gravure) coaters

are used extensively by the printing industry, but they are also used
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Table 2-1. Types of Coating Applicators Used by
Respondents of the POAC Survey

Per cent age of
Appl i cation Met hod Application Stations

Gravure 32
Roll, Reverse Roll 20
Slot Die 10
Kni fe 9
Fl exogr aphy 8
Mayer Rod 7
Di p 5
Ext rusi on/ cal enderi ng 3
Rotary Screen 3
Printing 2
Fl ow 1

Tot al 100

for coating. The coating materials (or inks) are picked up in the
recessed areas of the roll and transferred directly to the substrate.
The gravure coater can print patterns on the substrate or coat sone
or all of the substrate. Figure 2-1 shows a diagram of a gravure
coating unit; several of these may be conbined on one coating |ine.
In gravure coating, the coatings include both solvent and waterbased
systens, with the solvents including aromatic, aliphatic, and
oxygenat ed hydrocarbons. About 60 percent of the coatings are
petrol eum based waxes and hot nelts, 35 percent are extrusion
coatings, and 5 percent water-based. 12
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Among the POWC survey respondents, gravure was the nobst common
type of coating application station, at 32 percent of all coating
stations, and al so the nost common coating technique in
t he pressure-sensitive tapes and | abels industry segnment (at
33 percent) and flexible vinyl industry segnment (at 40 percent). In
the decorative and industrial |am nates industry segnment, gravure
coating was the second-nobst common (after dip), at 34 percent of the
coating stations.

2.2.2.1.2 Reverse Roll. The reverse roll coater applies a

constant thickness of coating to the substrate, usually by means of
three rollers--a netering roller, a backing roller, and an applicator
(transfer) roller. A netering roller picks up the
coating solution froma trough and transfers it to an applicator
roller. (Sonmetinmes there is no netering roller and the coating
is punped directly onto an applicator roller.) The web is supported
by a backing roller where the applicator roller contacts the paper.
The applicator roller then transfers the coating to the substrate, as
t he web passes between the backing roller and the applicator roller.
The applicator roller turns in a direction opposite to that of the
paper, hence the nane reverse roll coater. This reverse direction of
the applicator roller reduces striations in the coating that can form
if the applicator
roller is turned in the sanme direction as the paper web. Figure 2-2
depicts a three-roll reverse roll coater.

Anong the POWNC survey respondents, roll and/or reverse roll was
t he second- nost common type of coating application station, at
20 percent of all coating stations, with 28 percent of the
phot ographic film stations, 26 percent of the pressure-sensitive

tapes and | abel s coating stations, and 20 percent of stations in the
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decorative and industrial |am nates industry segment using rol
and/or reverse roll coater coaters.

2.2.2.1.3Slot Die. The slot die coater is simlar to an
extruder but is |less heavy-duty than an extruder since |less viscous
materials are used with a slot die coater (see Section 2.2.2.1.8 for
a di scussion of extruders). 1In a slot die coater, the coating is
extruded through an adjustable-width orifice onto the substrate and
is sonetinmes followed by a smoothing roller. Slot die coaters are
typically used for application of hot-nelt coatings and adhesi ves,
but may al so be used to apply aqueous coatings. 4

Among the POWC survey respondents, slot die coating was the
t hi rd- nbost conmmon coating technique, at 10 percent of all coating
stations; and was the nost common technique in the photographic film
i ndustry segnent (at 44 percent). It was also a conmon technique in
the pressure-sensitive tapes and | abels industry segnent (at 12
percent). No decorative and industrial |amnates facilities anong
t he survey respondents used slot die coaters.

2.2.2.1.4Knife. A knife coater consists of a blade that
scrapes off excess coating fromthe substrate. The tray or trough of
coating is | ocated behind the knife blade. A continuous sheet of
substrate is drawn between the knife blade and the support roller.
As coating is deposited on the substrate, the knife bl ade spreads it
across the substrate to the desired thickness. The position of the
knife relative to the substrate surface can be adjusted to contro
t he thickness of the coating. Sone knife coaters use high velocity
air as the knife blade, these are known as air-knife coaters. A
di agram of a floating knife coater is shown in Figure 2-3.

Kni fe coaters can apply solutions of nmuch higher viscosity than
roll coaters, thus less solvent is emtted per pound of coating

applied. Knife coaters handle coatings with viscosity up to
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10, 000 centi poise (cp), while reverse roll coaters operate best with
coatings that have a viscosity ranging from 300 to 1500 cp. Knife
coaters, however, usually operate at |ower speeds than roll coaters
and show a greater tendency to break the web. 16

Among the POWC survey respondents, knife coating was the
fourt h-nmost conmon type of coating application station at
9 percent of all coating stations, with 11 percent of the flexible
vinyl coating stations, 11 percent of the photographic film coating
stations, 9 percent of the pressure-sensitive tapes and | abels
coating stations, and 5 percent of the decorative and industri al
| am nates industry stations having knife coaters.

2.2.2.1.5 Fl exography. 1In flexographic coating, the area to be

coated is delineated by a raised surface on a flexible plate that is
usual | y made of rubber or other elastonmeric materials.!” Because of
the ease in plate preparation, flexography is nore suited to short
production runs than gravure.18

Coating materials applied with flexography nust be very fluid
to work properly and include waterborne and sol vent - based
systems. The solvents used nust be conpatible with the rubber or
pol ymeric plates; thus aromatic solvents are not used. Sone of
t he components of sol vent-based fl exographic coatings include ethyl,
n-propyl, and isopropyl alcohol; glycol ethers; aliphatic
hydr ocarbons; and esters.?® Flexography is perfornmed both on w de
web (<18 inches) and narrow web (<18 inches), and on sheets as well
as web. 2!

Among the POWC survey respondents, flexographic coating was the
fifth-nmost common type of coating application station at 8 percent of
all coating stations, with 20 percent of the flexible vinyl industry
segnent and 4 percent of the pressure-sensitive tapes and | abels

i ndustry segnment coating stations having fl exographic coaters. No

2-11



decorative and industrial lam nates facilities anmong the survey
respondents used fl exographic coating applicators.

2.2.2.1.6 Mayer Rod. The Mayer rod (or wire-wound rod) coater
is a netering device used to control the thickness of an
applied coating. Typically, the coating is applied via a roller, and
t he excess coating is removed by a rod covered by a spiral-wound
stainless steel wire. The rod wi pes the coating off the substrate
except for the portion which escapes through the spaces between the
wires. Larger wire diameters result in |larger spaces, and therefore
heavi er coati ngs. ??

Among the POWC survey respondents, Mayer rod coating was used
most often in the pressure-sensitive tapes and | abels industry
segnent, with 11 percent of the coating stations having Mayer rod
coaters, and was used by 5 percent of the decorative and industri al
| am nates, 3 percent of the flexible vinyl, and
2 percent of the photographic filmindustry segnent coating stations.

2.2.2.1.7 Dip and Squeeze. The dip and squeeze coater, also
called a dip coater, inpregnates or saturates the substrate rather
than applying a coating to the web surface.? Figure 2-4 shows a
di agram of a dip and squeeze coater. The substrate is fed and di pped
into a coating-filled pan by a systemof rollers.
The saturated web is then passed through nip rollers that squeeze off
any excess coating.

Among the POWC survey respondents, dip and squeeze coati ng was
t he nost-conmmon coating station in the decorative and industri al
| am nates industry segnent, at 36 percent of the coating stations.
Overall, only 5 percent of the coating stations fromthe entire
survey respondents used dip and squeeze, with 3 percent of the
flexible vinyl industry segment and 1 percent of the pressure-

sensitive tapes and | abels industry segnent.
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2.2.2.1.8 Extrusi on/ cal enderi ng. The extrusion coater creates

a web substrate or applies coating materials to a prefornmed web
substrate by forcing it through a die. A typical extrusion coater
forms a plastic filmor coating of the hot-nelt type by forcing a

nol ten polymer resin through a die as the web or conveyor passes

bel ow the die. The extruded web is then cooled to restore the
coating to a solid state.?> Nearly all extrusion coatings are made

of |l owdensity polyethylene (LDPE). They account for a |arge portion
of the coatings used in the printing product and packagi ng i ndustry,
di vi ded about evenly between cartons/cardboard and fl exible
materials.? Figure 2-5 shows a diagram of an extrusi on coater

I n calendering, a process simlar to extrusion, material is
pressed by a roller or between rollers to forma web such as vinyl
sheeting. Calendering may al so be used to apply a coating to a
substrate, as in the manufacture of duct tape.? Prior to
cal endering, resins, plasticizers, and pignments are bl ended together
in a series of blenders, mxers, and mlls. Plasticizers are used to
improve the flexibility of the coating/material.?® After mxing, the
m xture is conveyed to the calender. 1In a typical four-rol
cal ender, the nolten coating is rolled into a continuous sheet, which
is then cooled. Figure 2-6 shows the cal enderi ng process.

Among the POWC survey respondents, extrusion/cal endering was
used nost often in the pressure-sensitive tapes and | abels industry
segnent, at 3 percent of the coating stations, with 2 percent of the
coating stations in the photographic filmindustry segnment using
extrusi on/ cal endering occurring. No coating stations were reported
to use extrusion/cal endering in the decorative and industri al

| am nates i ndustry segnent.
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2.2.2.2 Coating Ovens. Like the applicator, the oven is a primry

pi ece of equi pnment on the coating |line. The major functions of the
oven are to dry the coating by evaporating the solvent and/or finish
the curing of a polyneric coating.3 The oven exhaust is the |argest
source of HAP em ssions in the coating process.

The inmportant properties of a drying/curing oven include the
source of heat, operating tenperature, residence tinme, allowable
hydrocarbon concentrati on, and oven air circulation.3 There are two
basic types of heating used in drying ovens, direct and indirect.
Direct heating routes the hot products of conbustion (blended with
anbient air to the proper tenperature) directly into the drying zone.
The fuels used for a direct-fired oven are usually limted to natural
gas or propane because of the requirenments for clean burning. Fuel
oil, or other heavier fuels, can produce enough soot and ot her
particul ates to adversely affect the coating.

In an indirect-heated oven, the inconm ng air stream exchanges
heat with steam or conbustion products but does not physically mx
with them The heat transfer may occur in any of several types of
heat exchangers, such as shell-and-tube or plate type.

Direct-fired ovens are nore common because of their higher
thermal efficiency. Indirect-heated ovens |ose efficiency both in
t he production of steamand in the heat transfer from steamto oven
air.3 Indirect heating is usually linmted to small ovens, cases
wher e product contam nation cannot be tol erated, and where surplus
steamis avail abl e.

The average oven tenperature is inportant to both the process
and the costs of installing add-on control equiprment. For drying
pur poses, the oven nust be at a tenperature above the boiling point
of the solvent(s). |If the coating cures by polynerization rather

t han sol vent evaporation, the tenperature may have to be even higher.
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The average tenperature affects the anount of cooling required if the
exhaust streamis directed to a carbon adsorber and the anpunt of
preheating required if the exhaust streamis directed to a thermal
oxi di zer.

The oven tenperature profile is also inportant to product
quality. If the initial drying is too fast, flaws in the coating
such as craters or fish-eyes may result.3 |f the drying is too slow
at | ower tenperatures, a |onger oven will be needed to dry the
coating. The solution to this problemis nultizoned ovens, where the
oven is physically divided into several sections, each with its own
hot air supply and exhaust. By using a |ower tenperature in the
first zone and then gradually increasing the tenperature in
subsequent zones, uniformdrying can be achieved in a reasonably
si zed oven. 3

For safety, nost facilities in the industry try to maintain air
flow through their ovens so that the solvent concentration is no
greater than 25 percent of the |lower explosive |imt (LEL). However,
newer oven styles safely allow higher solvent concentrations, up to
40 to 50 percent of the LEL. The higher solvent concentrations are
al l owabl e due to the increasing use of continuous LEL nonitors that
sound alarms or shut down the line if the LEL reaches too high a
level. Wth the higher allowable solvent concentrations, the amount
of air flow needed through the oven is decreased, resulting in | ower
energy costs. The higher solvent concentrations also reduce the
costs of add-on control devices, which increase in cost as the air
flow increases. The exhaust flow rates fromovens used by the
i ndustry vary fromb5,000 to 35,000 standard cubic feet per mnute
(scfm. Typical oven exhaust rates are 10,000 to 20,000 scfm 36

2.2.2.3 I nert Ovens. An inert oven is a coating drying nethod

t hat uses an inert gas (e.g., nitrogen) to replace oxygen in the air
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space in the oven. |In an inert oven, solvent vapors can be
concentrated at | evels higher than the LEL to enable efficient
coll ection via condensation. The ovens are also found to be useful
with coatings that otherwi se would be difficult to apply w thout
form ng air bubbles under the coating surfaces.?

There is no oven vent to the atnosphere in an inert oven.
| nstead, a small diameter pipe conducts superconcentrated exhaust at
flow rates of only 100-200 ft3 mn to condensation coils. Solvent
concentrations may be 100,000 to 200,000 ppmin an inert oven's
exhaust, which is above the upper explosive limt (UEL) for nost/all
solvents. After the solvent condenses out of the gas in the coils,
the cleaned gas is returned to the oven; this cycle is a closed | oop
in ternms of the oven gas. 38

For proper operation, there nust be an oxygen-free dead-zone of
air space after the inert oven and before the condenser, where the
air flow is balanced between the air pulled in vs. the air pushed
out. This situation conplicates the use of total enclosures around a
coating line with an inert oven. Unfortunately, air flowas little as
200 ft/mn can disturb the web in an inert oven and cause a web to
break, especially one nade of paper. Because of issues such as
sol vent concentrati ons above the UEL and static electricity in film
coating, safety is another concern with totally enclosing the air
space around inert ovens. 3
2.2.3 Coating Types

The basic coating types, by conposition, used in the POAC

i ndustry are sol ventborne, waterborne, hot-nelt, and radiation-cure

coatings. These coating types are described in this section, below.
Coatings typically consist of a fluid portion (i.e.,

solvent(s)), resins, pignents, and additives. The solvents and

resins together formthe vehicle, which nmaintains the coating in
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liquid formfor application; once the coating is deposited on the
substrate, the solvents of the vehicle evaporate |eaving the resin,
and the pignments and additives. The solvent portion of the vehicle
transfers the solid portion of the coating to the substrate surface
in a uniformlayer and typically plays no role further role in the
coating process.? Coatings can range fromO to 99 percent solvent.
The nonsol vent portions of coatings are called “solids.”

The HAP fromthe coatings may be emtted as fugitive em ssions
(unless the facility is equipped with a permanent total enclosure) at
the point of application and in flash-off areas. The HAP fromthe
coatings are also emtted via exhaust stacks/vents fromthe ovens
used to dry the coatings.

2.2.3.1 Sol vent borne Coatings. Solventborne coatings are w dely

used in the POAC industry.* The content of the coating vehicle is
hi ghly variable in sol ventborne coatings, and depends primarily on
the type of coating applicator used. For solventborne coatings,
coating formulations typically range from40 to 80 percent solvents
by wei ght, as supplied. For use, the solventborne coatings may be
diluted with additional solvents. The primary solvents in

sol vent borne coatings that are HAP include nethanol, nethyl ethyl
ket one, toluene, and xylene. Oher primary solvents (not HAP)

i ncl ude acetone and et hanol .

Knife coaters, reverse roll coaters, and gravure coaters are comonly
used to apply sol ventborne coatings. %

2.2.3.2 WAt er borne Coatings. |In waterborne coatings, a

significant part of the fluid is made up of water, although sone
organi c solvents may be used at up to 30 percent of the fluid. The
EPA Reference Test Method 24 considers a waterborne coating to be one
with nore than 5 percent water by weight in its volatile fraction.*

Most coating equi pnent used for sol ventborne coatings can al so be
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used for waterborne coatings. However, troughs or trays containing
wat er borne coatings may have to be m xed nore often than with
sol vent borne coati ngs because wat erborne coatings are nore
susceptible to coagul ati on or aggl oneration of their solids.* Knife
coaters and gravure coaters are also particularly well suited to
application of waterborne coatings. 4

Oven tenperatures are typically higher with waterborne coatings
because water has a higher boiling point and higher heat of
vapori zation than nost organic solvents. However, energy usage nay
still be lower for waterborne coatings because less dilution air is
required. 46
2.2.3.3 Hot-nmelt Coatings. Hot-nmelt coatings are probably the

nost environnentally friendly of all the coating fornulations used by
the POWC i ndustry because they contain no solvent, being 100 percent
solids in conmposition.# Unlike solventborne coatings and waterborne
coatings, which typically are fornmulated with some organic sol vent,
hot-nmelt coatings emt no volatile organic conpounds (VOC). Energy
usage with hot-nmelt coatings is substantially lower than with either
wat er borne or sol ventborne coatings. Fire and expl osion dangers are
al so minimzed because there are no volatile hydrocarbons. 4

The application of hot-nelt coatings is fairly sinple. The
solid coating material is heated and delivered to the coater head in
a nolten state. It is then netered onto the web by a heated gravure
coater, a heated roll coater, or an extrusion coater. The coated web
is then chilled and the coating restored to its solid state.*
However, despite its sinplicity, application of hot-nelt coatings nmay
have several problens. Controlling the coating weight can be
difficult with hot-nelt coatings. The coater head is nore

susceptible to streaking due to plugging or dirt accumul ati on.
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Cl eaning the coater head with hot-nelt coatings is also nore
difficult and time consum ng. >

The use of hot-nelt coatings, although growing, is still
limted by several factors. Hot-nelt adhesives do not have the
strength or resistance to environnmental stresses such as heat or cold
as do sol ventborne adhesives.® The hot-nelt adhesives are typically
a darker color and, therefore, are not used on transparent surfaces.
Hot-nmelts al so cannot be used on film substrates that are sensitive
to heat because the substrate could nelt during the coating
process. %2
2.2.3. 4 Reacti ve Coatings. Reactive coatings are coatings that

cure via a chem cal (usually polynmeric) reaction which forns other
conpounds that are either not HAPs and/or stay with the substrate as
a residual HAP which is not emtted with or wi thout drying.

Reactive coatings are frequently used in the decorative and
i ndustrial [am nates industry segnent of the POAC industry and the
abrasi ve subsector of the m scell aneous industry segnent, and include
styrene formal dehyde, phenolic, nmelam ne, and epoxy resins. In the
POWC survey responses in the decorative and industrial |am nates
i ndustry segnment, seven facilities provided test or engineering data
on the anmount of residual HAP left in the substrate with the use of
reactive coatings. These data indicate that anywhere from zero to
50 percent of the coating (by weight) reacts and stays with the
substrat e/ product . %3
2.2.3.5 Radi ati on-Cure Coatings. A special case of reactive

coatings, radiation-cure coatings (also called prepolymer coatings®*)
i nclude coatings that are cured by exposure to el ectron beam (EB) or
ultraviolet (UV) radiation. Radiation-cure coatings are solventless
and are alnost entirely conposed of the resins that nake up the

coating. They are applied in a liquid state via sone typical coating
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application nmethods (e.g., gravure and flexography), and polynmnerize
into a solid state upon exposure to UV or EB radiation. Utra-
violet-cured coatings require addition of a photoinitiator to
catal yze the polynerization reaction; EB-cured coatings do not,
because the highly exited electrons emtted by the EB source are
capable of initiating the polynerization reaction.>®®

Benefits of radiation-cured coatings extend beyond decreased
sol vent usage and the associ ated em ssion reductions. The
i nst ant aneous nature of the curing process elimnates the need for
dryi ng ovens on the production |ine, which often | eads to production
i ncreases® and may allow direct integration of ancillary operations
(e.g., cutting, slitting, folding) into the production |ine.?%’
Because no drying ovens are used, energy usage is greatly reduced as
is the space required for a coating line.%® Since the coatings wll
not cure unless exposed to the proper type of UV or EB radiation,
they will not cure on the production equi pnment during operation or
during process downtinme. As a result, it is not necessary to clean
application devices at the end of each shift or during breaks, and
cleaning is easier when it is perforned.5°

Al t hough industry generally perceives UV coating usage as
expensi ve because it may be costly to switch a coating line from
sol vent - based coating equi pment to radiation-cured systens, there are
often savings with the use of radiation-cured coatings due to the
above-nentioned benefits that can offset capital costs. Another
i ndustry perception is that the coatings thenselves are nore
expensive. This may be true on a vol une-to-vol unme basis conparison,
however, a radiation-cured coating will cover a nmuch greater area of
substrate (2 to 4 tinmes) than an equal volunme of a sol vent-based
coating because the radiation-cured coating is 100 percent solids and

has no | oss of volume due to evaporation of solvent. ®°
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There are, however, several real limtations to the use of
radi ati on-curabl e systens. The extent of cure penetration can be a
problemif the coating is very thick or heavily pignmented. % Because
| ow viscosity solvents are not used, application of the relatively
hi gher viscosity radiation-cured coatings can be problematic; this
factor is less inmportant in the application to web substrates than in
spray coating.® Also, skin contact with UV-cured coatings should be
m nimzed by the use of gloves because of the potential for
irritation and/or allergic reaction with the use of these coatings. ®
This is especially true when cleaning is performed, since the
conbi nati on of cleaning solvents and inks and coatings increases
dramatically the level of irritation to the skin.?®
2.3 | NDUSTRY PROFI LE

The POWC i ndustry includes the manufacture of a w de range of
products. Table 2-2 presents a listing of 18 Standard | ndustri al
Cl assification codes (SIC) codes for industries that include products
or processes that are likely to be manufactured or used,
respectively, by the POAXC i ndustry. As shown in the table, the POAC
i ndustry is thought to enconpass a | arge nunber of SIC codes.
However, there may be facilities operating under other SIC codes not
included in Table 2-2 that also apply coating to web substrates, such
as paper, plastic, film foil, and foam |In addition, all facilities
operating under these SIC codes are not necessarily nenbers of this
source category; many of the 18 SIC codes cover only one or two
products that are manufactured with web coating. Sonme of the 18 SIC
codes include facilities that primarily print rather than coat the
substrate, that may choose to cover their limted coating operations
under the printing and publishing NESHAP. Consequently, while the
list of SIC codes presented in Table 2-2 can serve as a guide to

identifying many of the facilities in the POAC i ndustry, it should
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Not e:

Tabl e 2-2. The 18 SI C Codes of the Paper
and O her Web Coating Industry

SI C Code | Descri ption

2653 Corrugated and solid fiber boxes

2657 Fol di ng paper board boxes, including sanitary

2671 Packagi ng paper and plastics film coated and
| am nat ed

2672 Coat ed and | am nated paper, not el sewhere
classified

2673 Plastics, foil, and coated paper bags

2674 Bags: uncoated paper and nulti wal

2675 Di e-cut paper and paperboard and cardboard

2679 Converted paper and paper board, not el sewhere
classified

2754 Commercial printing, gravure

2761 Mani f ol d busi ness forns

3074 Pl astic aseptic packagi ng

3081 Unsupported plastics film and sheet

3083 Lam nated plastics plate, sheet, and profile
shapes

3291 Abr asi ve products

3497 Lam nated al umi num (nmetal) foil and | eaf,
fl exi bl e packagi ng

3861 Phot ogr aphi ¢ equi prent and supplies

3955 Car bon paper and i nked ribbons

3996 Li nol eum asphalted-felt-base, and other hard
surface fl oor coverings, not el sewhere
classified

There are |likely a nunmber of facilities in each SIC that do not do
coating and these 18 SIC s are not necessarily an exhaustive |ist

facilities that

may do coati ng.
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not be used to conpletely define the industries subject to the POAC
NESHAP.

Based on em ssions estimtes fromthe Toxic Rel ease Inventory
(TRI') systenf> for these SIC s, the PONC data gathering efforts
focused on the four |argest segnents of the POAC i ndustry that were
defined by their product and process types: pressure-sensitive tapes
and | abels (SIC 2672), flexible vinyl (SIC 3081), photographic film
(SIC 3861), and decorative and industri al
| am nates (SIC 3083). Therefore, nuch of the information in this
section focuses on these four industry segnents. A fifth segnent,
call ed “M scel | aneous Coating,” is also discussed that includes a
nunber of industries that are identifiable as having some web coating
operations associated with their product manufacturing, such as those
facilities that do both printing and coati ng.

Wthin 1996 TRI data for the 18 POANC SIC s, the four nmajor POANC
SICs (2672, 3081, 3861, 3083) had the greatest percentages
of maj or source HAP em ssions, and together represent 79 percent of
the TRI em ssions and 82 percent of the facilities (if the six
Printing and Publishing SIC codes are excluded fromthe anal ysis).

The POWC data gathering efforts focused on identifying the
activities within the major industry segnents that generated HAP and
on variations in the coating processes and control techniques. It
was found that the web coating operations (described in Section 2.2)
and control techniques (described in
Chapter 3) do not vary significantly anong the segnents of the POAC
i ndustry.

Most segnments of the industry have sonme operations that are
uni que to those segnents. The discussion below includes information
on the types of coatings and coating applicators used by each ngjor

segnent, and the primary HAP em tted by each industry segnent. It
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al so includes a discussion of operations that are specific to each
i ndustry segnent.
2.3.1 Pressure-sensitive Tapes and Labels

The pressure-sensitive tape and | abel industry segnment is one
of the | argest segnents of the POANC i ndustries, based on 1996 TRI
em ssions.® |t includes the manufacture of all types of tapes and
| abel s, i1ncluding maski ng tape, strapping tape, duct tape,
transparent tape, electrical tape, and nedical tapes and | abels. It
al so includes the manufacture of metallized | abels and sel f-adhesive
| abel s. ®” Demand for pressure-sensitive |abels has increased as the
demand for glue-applied | abels has decreased. One pressure sensitive
| abel product, blank roll |abels (such as for conmputer data
processing), is viewed as a fast-grow ng | abel market. As of 1989,
pressure-sensitive | abels accounted for as nmuch as 22 percent of all
| abel s. ©8

Survey responses fromthe pressure-sensitive tapes and | abels
i ndustry segnent, showed that in terms of primary products, bonding
and mounting tapes and | abels were reported nost often (18 percent),
with carton sealing, abrasion resistant, and application/pre-msk
t apes and/ or | abels next highest (at 12, 10, and 10 percent,
respectively).® Table 2-3 shows the 29 primary products listed in
the pressure-sensitive tapes and | abels survey responses.

In a survey conducted by the Pressure Sensitive Tape Council in
1994, 39 percent of the responding facilities indicated they
manuf actured filmtape, 25 percent |abel stock, 15 percent paper
tape, 5 percent cloth tape, 2 percent filanent tape, and 15 percent
ot her types of tape.’* Backing materials (substrates) used by the
pressure-sensitive tape and | abel industry segnent include paper, a
variety of films, foam netal foil, and fabric. Medical tapes and

duct tapes are made with fabric backings.’?
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Table 2-3. Primary Products of the Pressure-sensitive
Tapes and Label s Survey Respondents

: Percent of
Primary Product

Resgondents

bondi ng and nounti ng 18
carton sealing 12
abr asi on resistant 10

[EY
o

appl i cati on/ pre- mask
doubl e si de
identification/safety, warning
anti-skid
anti-stick
book bi ndi ng
bundl i ng
| abel
coated textile for care | abels
correction/ cover-up
el ectrical
el ectroni c applications
f ast eni ng
freezer
of fice/stationery
packagi ng
print abl e
protective - long term
pressure-sensitive adhesive-coated filns
silicone
specialty fabric tapes
surface protection
[trainer tapes - cotton based
[t r ansf er
vi brati on/ sound danpi ng
vi nyl graphics film
Tot al 100

Rl Pkl Rl Rl RlR R RlRrlw]lw]w] w]w] & ]o
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2.3.1.1 Baseline Enmissions. In the POAC data gathering

effort, information was collected from91l facilities in the pressure-
sensitive tapes and | abels industry segnment, of which 44 were
determ ned to be mmj or sources of HAP. The total nunber of
facilities and HAP em ssions in the pressure-sensitive tapes and
| abel s i ndustry segnment were estinmated to be 96 facilities and
8,063 tons per year (tpy) HAP em ssions, representing 22 percent
of the total nunber of facilities and 17 percent of total HAP
em ssions estimted for the POAC source category. '

The total nunmber of major sources and HAP em ssions in the
pressure-sensitive tapes and | abels industry segnment were
estimated to be 47 facilities and 7,780 tpy HAP em ssions,
representing 11 percent of the total nunmber of facilities and
16 percent of the total HAP em ssions estimated for the POAC source
cat egory.

The primary HAP emtted by the pressure-sensitive tapes and
| abel s i ndustry segnent are toluene, xylene, nethyl ethyl ketone, and
met hanol .
2.3.1.2 Types of Coatings and Applicators Used. The pressure-

sensitive tape and | abel industry segnent primarily uses five

cl asses of coatings: adhesives; release coatings; prinmers; coloring
agents; and saturants. Adhesives are used on all pressure-sensitive
t apes and | abel s.

The pressure-sensitive tape and | abel industry segnment uses a
range of coating fornmulations. According to a survey conducted by
the Pressure Sensitive Tape Council,™ 84 percent of the facilities
responding to the survey indicate they used sol vent borne coati ngs,
60 percent waterborne coatings, 43 percent hot-nelts, 13 percent

cal endered adhesi ves, 8 percent radiation- cured coatings, 8 percent
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two-part reactive coatings, and 6 percent other types of coating
formul ati ons.

Sol vent borne coatings are used as adhesives, rel ease coatings,
primers, coloring agents, and saturants. They can also be used on
all types of backing materials. For some applications--particularly
speci al purpose applications requiring high performance fromthe
adhesive, or applications where the tape is exposed to extrene
envi ronmental conditions--sol ventborne coatings are often the only
coatings avail able that can achi eve the perfornmance and durability
required.

Wat er borne coatings are also used by the pressure-sensitive
tape and | abel industry segnent for adhesives and rel ease coati ngs.
Wat er borne adhesi ves are conparable in performance to many
sol vent borne adhesives. They are currently being used for many
applications within the industry segnent and, as technol ogy conti nues
to inprove, the nunmber of waterborne coating applications in the
pressure-sensitive tapes and | abels industry should increase. In
sone applications where high performance is required or in extrenme
envi ronnental conditions, solventborne adhesives may still be
requi red, but eventually waterborne adhesives may al so be able to be
used for these applications. Drawbacks of using water-based
adhesi ves may i nclude what one conpany’ found was that waterbased
adhesi ves need closer control of process variables and coater
conditions, which can | ower |ine speeds and raise cost to the
consuner. Waterbased adhesives are thought to be nore suited to
gravure or slot die coating application techniques than reverse roll
in this aspect. Clean-up operations are also reportedly nore
difficult with waterbased adhesives. [In addition, waterbased

adhesi ve-coat ed products may need to be renoisturized after drying to
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reduce curl and to ease |lam nating, top coating, and finishing
operations.

WAt er based rel ease coatings are al ready being used extensively
by the pressure-sensitive tape and | abel industry segnent.’ [|n nost
cases, the performance of the release coating is not as critical as
that of the adhesive, so the pressure-sensitive tape and | abel
i ndustry segnment has nade nore progress in converting to waterborne
rel ease coati ngs.

Hot-nmelt coatings, especially, adhesives, are used extensively
by the pressure-sensitive tape and | abel industry segnent.’” Hot-
melt coatings are generally considered to be 100 percent solids, and
essentially pollution free. The POWN survey responses indicate that
of the 21 coatings identified as hot-nmelt adhesives, 17 were 100
percent solids.” The remaining four hot-nelt adhesive coatings had
solids contents ranging from99.90 to 99.96 percent. Only one of
t hese four, however, contained any HAP (naphthal ene), at a
concentration of 0.04 weight percent.

Al t hough hot-nelt adhesives are solvent-free, the possibility
exi sts for the evaporative |oss of some of the |ighter conponents in
the coating fornulation. Mst of the applicable coatings are high
nol ecul ar wei ght polymers, which may contain trace anounts of
unreact ed nmononmers and/or | ow nol ecul ar wei ght polyners. Sonme of
these may be volatilized at the coating tenperatures experienced in
hot-nmelt coating operations. The EPA conducted limted tests to
measure evaporative |osses fromhot-nelt coatings. Wight |osses of
from0.1 to 12.6 percent occurred.’

The types of coating applicators used by survey recipients in
the pressure-sensitive tapes and | abels industry segnent are shown in
Table 2-4.8 This table shows that 33 percent of the coating

stations in the pressure-sensitive tapes and | abels survey industry
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Tabl e 2-4. Types of Coating Applicators Used by Survey
Respondents in the Pressure-sensitive Tapes and
Label s I ndustry Segnent

Per cent age of
Application Method Application Stations

Gravure 33
Rol |, Reverse Roll 26
Slot Die 12
Mayer Rod 11
Kni fe 9
Fl exogr aphy 4
Extrusi on/ cal enderi ng 3
Di p 1
Fl ow 1

Tot al 100

Not e: Seventy-five percent of the flexography coating stations are

fl exography printing.

segnent use gravure coaters, 26 percent use roll and/or reverse roll
12 percent use slot die, and 11 percent use Mayer rod, with the
remai ni ng 19 percent of the stations using five other applicator

types.
2.3.1.3 Pressure-sensitive Tapes and Labels Coating Process.

The coating of pressure sensitive tapes and labels is called a
“converting” operation, in which sone backing material (paper,
cloth, cellophane, etc.) is coated one or nore tines to create a tape
or label that will stick on contact for the consumer’s purposes. In
t he pressure-sensitive tape process, the web is unrolled, coated,
dried, chilled, and then rolled up. The coating processes my add
pre-coats, adhesives, or rel ease coatings. 8
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Each pressure sensitive tape and | abel coating line typically
undergoes a mni mum of two coating operations. These
may be done separately on discrete coating lines, or a single
tandem coating |ine nay be used where the web undergoes a sequence of
coating and drying steps w thout being rewound between steps. Tandem
coating lines are usually used for |arge volunme products with
relatively long runs tines, since the flexibility of a coating |line
is reduced with a tandem set-up. 8

Wth nost pressure-sensitive tapes and | abels, release coatings
are applied to the backside of the tape or the nounting paper for
| abel s. The | abels may be pre-printed. The function of the rel ease
coating is to allow smboth and easy unrolling of the tape or renoval
of the label fromthe nmounting paper. |In some cases, priners are
applied to the backing material before the adhesive is applied. The
primer inmproves the bond between the backing material and the
adhesive. Coloring agents may be coated onto the backing or in sone
cases may saturate the backing for decorative purposes. For sone
applications, the backing my be saturated with various materials to
nodi fy the properties of the backing. For exanple, a paper backing
may be saturated with synthetic rubber to increase its tensile
strength and flexibility.
2.3.2 Fl exi bl e Vi nyl

This segnent of the POAC industry includes facilities

manuf acturing a range of products fromflexible vinyl. Polyvinyl
chloride (PVC) is the primary substrate used to manufacture flexible
vinyl products. Products manufactured by the flexible vinyl products
i ndustry segnent include wall coverings, autonotive uphol stery,
furniture uphol stery, tabl ecloths, |uggage, and shower curtains. 8
Most products are manufactured from PVC fil m supported by fabric,

paper, or foam The PVC is used as a substrate and as a di spersion
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coating layer in the manufacture of wall coverings. Unsupported
vinyl products include shower curtain |liners, pool liners, and sone
wi ndow shades. 8

According to an estimate by the Gravure Association of Anerica,
nearly 50 percent of the 1981 val ue of supported vinyl products was
attributable to wall coverings. According to the Adhesives and
Seal ant Council, nore than 75 percent of residential wall coverings
are pre-pasted strippable products. Another 20 percent are fabric-
backed vinyl, and the remaining 5 percent are specialty itens
(metallics, grass cloth, rice paper, or other unusual substrates).?®
Production of vinyl products has been declining since the 1980s,
especially for autonotive upholstery and trim A further decline in
autonotive vinyls production is likely.?86

In the responses to the EPA POANC survey, anpong 47 flexible
vinyl segnment facilities, 38 percent indicated that they perform
substrate formation at their facility.
2.3.2.1 Baseline Enmissions. In the POANC data gathering effort,

information was collected from47 facilities in the flexible vinyl

i ndustry segnent, of which 20 were determ ned to be mjor sources of
HAP's. The total number of facilities and HAP em ssions in the
flexible vinyl industry segnment were estimated to be 112 facilities
and 13,878 tpy HAP em ssions, representing 26 percent of the
facilities and 28 percent of the total HAP em ssions estimted for

t he POWC source category.?

The total nunber of major sources and HAP em ssions in the
flexible vinyl industry segment were estimated to be 49 facilities
and 13,257 tpy HAP em ssions, representing 11 percent of the total
facilities and 27 percent of the total HAP em ssions estimted for
t he POWNC source category. @
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2.3.2.2 Types of Coatings and Applicators Used. The flexible

vinyl i1ndustry segnent primarily uses a nunmber of functional types of
coatings: base coats, priners, topcoats, photo-reactive, |am nating
(for support), adhesion, and substrate form ng. The flexible vinyl

i ndustry segnment uses a range of coating formulations: sol ventborne,
wat er borne, hot nelt, and UV-cured.

Sol vent bor ne, wat erborne, and high-solids coatings are used for
| am nating flexible vinyl products where adhesives are required.
However, in some cases, an adhesive is not used for bondi ng the vinyl
to fabric; instead, the vinyl sheet is bonded to the fabric by either
conpressi on between two rollers or by casting directly onto the
fabric.

The use of waterborne and high-solids prinmers and topcoats is
still limted in the flexible vinyl industry. For exanple,
wat er borne topcoats cannot be used for autonotive parts such as
dashboards and vinyl roofs that are exposed to the sun as they do
not provide the sane resistance to ultraviolet |ight as sol ventborne
t opcoats. 8% Most of the coatings and inks used to coat a PVC web
are solvent solutions of vinyl chloride/vinyl acetate copolymers and
PVC resins. A typical ink or coating used in the manufacture of
fl exi ble vinyl products is 85 percent solvent and 15 percent
sol i ds. %

The types of coating applicators used by survey recipients in
the flexible vinyl industry segnent are shown in Table 2-5.°
Tabl e 2-5 shows that for the flexible vinyl industry segnment,

40 percent of the coating stations used gravure coating, 20 percent
used fl exographic coating, 11 percent use knife or air knife,
9 percent used a roll or reverse roll coater, and 7 percent used

rotary screen coating. The remaining 13 percent
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Tabl e 2-5. Types of Coating Applicators Used by Survey
Respondents in the Flexible Vinyl FilmIndustry Segnent

Per cent age of
Application Method | Application Stations

Gravure 40
Fl exogr aphy 20
Knifel/Air Knife 11
Rol | / Rever se Rol | 9
Rotary screen I
Di p 3
Di e 3
Mayer Rod 3
Ot her? 4
Tot al 100

a Including flow coater, spray, squeeze, cal ender, and el ectrostatic.

are distributed anong ten different coating application types.
2.3.2.3 FElexible Vinyl Coating Process. The process used to

produce flexible vinyl products consists of web formation, finishing
(which may include both printing and coating), and enbossing.

The vinyl web formation process consists of vinyl coating
preparation, vinyl coating formation or application to the web, and,
in some cases, expansion of the web. Vinyl substrates are forned by
cal endari ng, extruding, casting, and knife/rol
coating.® All except knife/roll coating use plasticizers, which
i nprove the flexibility of the coating/ materi al.

Extrudi ng, cal endaring, and knife/roll coating techni ques were
di scussed above in Section 2.2.2. In the casting process, a vinyl
web is cast or coated onto a paper carrier web using roll coating or
knife coating. This paper is ultimtely renoved and reused. The

vinyl web surface next to the paper becomes the finished product
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surface. The paper carrier may inpart a mrror-like finish or a
textured surface to the vinyl web.

Most resins used in vinyl web formation are conposed primarily
of polyners of high nolecular weight. These polynmers are generally
not volatile, and, therefore, VOC and HAP eni ssions are negligible.®
Traces of solvent may be enmtted fromthe ovens; some of these vapors
are captured by the ovens and controll ed.

The em ssions fromvinyl web formation are nostly high
nol ecul ar wei ght organi ¢ conpounds whi ch condense into aerosols.
These conpounds are primarily vaporized plasticizers fromthe heated
materials as it is blended, m xed, conveyed, cal endared, and cool ed.
Sonme of these plasticizers may be HAP. The conpound DEEP, which is a
HAP, is often used as a plasticizer. For the reasons discussed
above, em ssions fromvinyl web formation processes, which are
primarily aerosol, were not considered in the flexible vinyl NSPS.
In the POANC survey responses, HAP em ssions were zero or low in
substrate formation in the flexible vinyl industry.?®

The primer used in the flexible vinyl industry provides an
extra-snooth surface for the printing step which often follows.

After primer application, the web may be printed, and then a final
topcoat is applied. The topcoat provides protection against wear.

Fl exi bl e vinyl products are sonmetinmes enbossed to i nprove their
appearance or wearability. Most flexible vinyl substrates are
enbossed as part of the finishing operation that may incl ude
lam nating or printing. The exception is cal endared products, which
are enbossed as they exit the calendar. The enbossing |line consists
of a support roller and an enmbossing cylinder. The inmage pattern is
formed in the surface of the cylinder by mechanical or chem cal

means. The web is heated and conti nuously drawn between the
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enbossi ng and supporting rollers. As it passes through the cool ed
roller, the image or pattern is set in the hot web surface.?

Vol atile em ssions fromthe process of enmbossing are likely to
be relatively low. The em ssions fromthe enbossing process depend
primarily on the type of material and coatings on the web being
heated. In enbossing of a new y-cal endared fl exi bl e vinyl substrate,
t he em ssions are high nol ecul ar wei ght organi c conpounds which
condense as they exit the stack gases. These enmi ssions are primarily
pl asticizers fromthe heated web. Based on information collected by
the EPA from 100 plants in 1980, aerosol em ssions fromthe enbossing
operation of an average plant were estimated to by 8 tpy; VOC
em ssions from enmbossing were estimted to be 10 tpy, or 1.3 percent
of the total plant VOC em ssions. %

A PVC web nmay be coated, printed, or both. Both coating and
printing are typically done with gravure coaters. In the production
of vinyl products, printing, coating, enbossing, and other finishing
processes are al nost always perforned on a single line (often
referred to as "imaging equipnent”). Sonme products are printed by
fl exography or screen printing and then coated by gravure.® 1In the
manuf acture of flexible vinyl products, there is little distinction
bet ween the printing and coating operations.

2. 3.3 Phot ographic Film
The photographic filmindustry segnment manufactures filmfor

di verse products such as still canmeras and novi ng pictures,
mcrofiche film x-ray film intensifying screens, and decorative

wi ndow coverings. 10 Both cellul ose acetate filmand pol yester film
are used for photographic film although cellul ose acetate is used
nore than polyester. Facilities manufacturing photographic film may
al so coat paper for use as photographi c paper or as backing materi al

for photographic film? These facilities may al so coat sone
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pressure-sensitive tape, which is used at the end of a filmroll to
hold the roll in place.

In the responses to the EPA POAC survey, anong the
15 facilities that responded in the photographic filmindustry
segnment, 20 percent reported that they performfilm substrate
formation on site.
2.3.3.1 Baseline Em ssions. In the POAC data gathering effort,

information was collected from 15 facilities in the photographic film
i ndustry segnent, of which 11 were determ ned to be major sources of
HAP' s, 102

The total nunber of facilities and HAP em ssions in the
phot ographic filmindustry segnent were estimated to be 36 facilities
and 5,306 tpy HAP em ssions, representing 8 percent of the total
facilities and 11 percent of the total HAP em ssions estinmated for
t he POWC source category.' The total nunber of mmjor sources in the
phot ographic filmindustry segnent were estimted to be 27 facilities
and 5, 254 tpy HAP em ssions, representing 6 percent of the total
facilities and approximtely 11 percent of the total HAP em ssions
estimted for the POANC source category.

The primary HAP's emtted by the (photographic) film
manuf acturing i ndustry segnment are nethyl ethyl ketone, nethylene
chl oride, and nethanol. Methylene chloride is primarily emtted from
the formati on and coating of cellul ose acetate film and pol yester
film 104

2.3.3.2 Types of Coatings and Applicators Used. The photographic

filmindustry segnment primarily uses a nunmber of functional types of
coatings: base coats, priners, topcoats, photo-reactive, |am nating
(for support), adhesion, and substrate form ng. The photographic
filmindustry segnent uses a range of coating formulations:

sol vent bor ne, waterborne, hot nelt, and UV-cur ed.
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The base coatings, or sublayers, of photographic filmare
typically sol ventborne coatings. These coatings act as an antistatic
and provide lubricity. The coatings are fornulated with a nunmber of
sol vents, but nethanol is the nbst commonly used sol vent. ' Sone
f ormal dehyde and di met hyl formam de are al so used. % The nunber of
| ayers of photosensitization materials that are applied varies
according to the conplexity of the film Twelve or nore |ayers may
be applied to the nore conplex films.¥ Unlike npost coating
processes, nultiple layers may be applied sinultaneously at the sane
coating station to photographic film At sone facilities, nmultiple
wat er based coating | ayers are applied at the same station. The
coatings do not m x because each coating has a different viscosity. 08
Al'l coating of photosensitization materials is done in the absence of
light.9 The coatings used in the photosensitization process are
wat er borne emnul si ons. Some of these coatings may contain small
concentrations of nethanol, but water is the primry sol vent.

I n coatings used for x-rays and intensifying screens, acetone
(not a HAP), nethyl ene chloride, and nethanol are the primry
sol vents. 19 As with photographic film production, waterborne
coatings are used in the photosensitization coating process.

The types of coating applicators used by survey recipients in
t he photographic filmindustry segnment are shown in
Tabl e 2-6.11 Table 2-6 shows that for the photographic filmindustry
segnent, 44 percent of the coating stations used a die, 28 percent
used roll or reverse roll coating, 12 percent used gravure coating.
The remaining 16 percent are distributed anong four different coating
application types.

2.3.3.3 Photographic Film Coating Process. The coating process

for photographic filmis simlar to that for other segnents of the

i ndustry. The web is unwound, coated, and then rewound. However,
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Tabl e 2-6. Types of Coating Applicators Used by Survey Respondents in
t he Photographic FilmIndustry Segnent

5ercentage of

Application Method | Application Stations
Di e 44
[Rol I /reverse roll 28
Gravure 12
[Knife/Air knife 11
[Mayer Rod 2
Cal ender 2
[FI ow 1

Tot al 100

different types of coatings may be applied on different lines. For

exanpl e, base coatings are applied on one line, and the web is then
rewound and noved to another |ine where the web is unwound, coated
with photosensitization materials, and then rewound. The coating
process for x-rays and for intensifying screens, which are often used
in place of the traditional x-rays, is simlar to that for
phot ographic film The intensifying screens are first coated with
three types of solventborne coatings overcoat for protection; and an
anti-curl layer. The substrate is then rewound and transferred to
another line for the application of the photosensitization
mat eri al s. 112

Sone filmfacilities manufacture their filmonsite. 1In the
formati on of cellul ose acetose film cellul ose acetate is dissolved
in methylene chloride and cast onto a wheel. As the nethyl ene
chloride is driven off, this wheel beconmes the unwind reel for the
coating line. The formed filmis unwound fromthe wheel, coated, and
t hen rewound; therefore, formation of the substrate can be considered

a part of the coating line, as in vinyl filmformation.3 Film
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formation itself is not likely to be a significant source of HAP
em ssions at film manufacturing facilities. 1In the POAC survey
responses, facilities had little or no HAP em ssions solely fromthe
formation of the film 14

2.3.4 Decorative and I ndustrial Lam nates

Decorative | am nates provide an aesthetically pleasing surface
used in products such as kitchen counter tops, and store display
shelving. Lam nates may al so be used in the manufacture of such
products as floor coverings and finished particle boards.

I ndustrial |am nates provide a functional surface with speci al
properties such as fire, electrical, or chem cal resistance, ''® and
are used to manufacture products such as rigid |am nates used in
furniture manufacturing, interior building construction, printed
wiring board (PWB) bl anks, industrial tubes, yoke bars, and nol ded
bearings. Flexible lam nates are a type of lamnate that is
bendabl e, often in cable form and is used by sone el ectronics
manuf acturers in autonobiles, conmputers, and radios.

Lam nate production facilities may al so manufacture adhesives,
rel ease coatings, and resins. These facilities may al so perform
coating operations for production of rel ease paper and printing
operations for production of the decorative paper.

Sources of HAP em ssions fromthe manufacture of decorative and
i ndustrial [am nates include m xing/conpoundi ng, coating, drying,
curing, pressing, and finishing operations; however, the predon nant
em ssion points are from coating, drying, and curing.

2.3.4.1 Baseline Em ssions. |In the POANC data gathering effort, 7

information was collected from41l facilities in the decorative and
i ndustrial [amnates industry segnent, of which 17 were determ ned to
be maj or sources of HAP's. The total nunber of facilities and HAP

em ssions in the decorative and industrial |am nates industry segnent
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were estimated to be 68 facilities and 8,798 tpy HAP eni ssi ons,
representing 16 percent of the total facilities and 18 percent of the
total HAP eni ssions estimated for the POANC source category.!® The
total nunber of mjor sources and HAP em ssions in the decorative and
i ndustrial [amnates industry segnent were estimted to be 28
facilities and 8,489 tpy HAP em ssions, representing 7 percent of the
total facilities and 17 percent of the total HAP em ssions estimated
for the POANC source category. 't

The primary HAP emitted by the decorative and industri al
| am nates industry segnent are nethanol, phenol, and tol uene.
Al t hough rel ease coatings in the past contained chrom um the POAC
survey responses indicate this may no | onger be true. 0
2.3.4.2 Types of Coatings and Applicators Used. The decorative

and industrial |lam nates industry segment uses nmany functional types
of coatings: prinmers, topcoats, |acquers, substrate form ng
| am nating, fire resisting, chem cal resisting, releasing,
decorative, and saturating. The coating formnul ati ons used are:
sol vent borne, reactive (resins), release coats, and adhesives. 12!
Resins used in the |am nating process include epoxy, mnelam ne,
phenol - f or mal dehyde, pol yester, polyvinyl acetate (PVAC), polyvinyl
acrylate (PVA), silicone, styrene-forml dehyde, and urea-
f or mal dehyde. 122.123,124,125 | am nat e producers general |y di stinguish
resins from adhesives by defining a resin as a substance that
i npregnates or saturates the substrate, while an adhesive is a
subst ance applied to the substrate surface. ' The HAP emitted in
| argest anmounts are nethanol, phenol, and fornal dehyde.
The types of coating applicators used by survey recipients in
t he decorative and industrial |am nates industry segnent are shown in
Table 2-7.12" This table shows that 36 percent of the coating
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Tabl e 2-7. Types of Coati ng Applicators Used by Survey Respondents
i n the Decorative and I ndustri al
Lam nates | ndustry Segnent

Per cent age of
Appl i cation Met hod Application Stations

Di p 36
Gravure 34
Rol |, Reverse Roll 20
Mayer Rod 5
Kni fe S

Tot al 100

stations are dip, 34 percent are gravure, and 20 percent are rol
and/or reverse roll, with the remaining stations being
Mayer rod and knife applicators (5 percent of the stations, each).

2.3.4.3 Decorative and I ndustrial Lanm nate Coating Process.

In the manufacture of the decorative and industrial |am nates,
the first operation is known as "conpoundi ng,"” and involves
activation of the resins by m xing together precise amunts of the
varni sh conponents in a batch tank. This conpoundi ng process is
referred to as the “A-stage.” The amount of each conponent used is
generally controlled by weight; and precise adherence to specified
anounts, tenperatures, mxing tinmes, and sequence is necessary for a
good quality resin. At this point, the varnish is held for a
di gestion period so the reactivity can stabilize it to a consistent
and prescribed | evel appropriate to the next operation.1?®

After the digestion period, web substrates (e.g., paper or
woven fiberglass) are | oaded on the coating line (or treater).

The web is dipped into a resin tank equi pped with metering apparatus,
and then to an oven to evaporate the solvent and achi eve partial cure
of the resin. This process is called the “B-stage.” Any decorative

or overlay paper used in the product is also treated in the B-stage,
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usually by inpregnation with resins. Release paper used in the
product, if not purchased pre-coated, is dip coated in the B-stage as
wel | . 129

The next stage, or “C-stage” is a press |lanm nation operation.
First, some B-stage products are cut into sheets, and then nultiple
plies of the sheets are collated according to the ultimte core
t hi ckness. Wth decorative |am nates, a decorative overlay (printed
or solid pignmented pattern sheet) is also added used. The |am nate
may al so include |ayers of rel ease paper (paper treated with a
rel ease coating) applied during pressing. The rel ease paper allows
separation of |ayers after pressing, so that several sheets of
| am nate can be produced together. Alternatively, sone B-stage
products are | eft uncut to produce continuous |am nates. The C-stage
operations are done in batch pressings. 13

The collated Iam nates are then | aid between press plates with
copper foil on the surface of the stack. These "books" or packages
of | am nates undergo high tenperature and pressure pressing to cure
it toits final form High-pressure |am nates are subject to
pressures of between 1,000 and 1,400 pounds per square inch (psi)
duri ng manufacture. 131

After the pressed books are removed fromthe C-stage press,
they are transported to a tear down station where the lamnate is
separated fromthe press plates. Continuous |am nates can be rolled
at this point, but only into |arge-dianeter rolls. The C-stage
products from PWB manufacture may be left in a roll and sold as pre-
preg bonding; 3 it nmay undergo additional |am nation at other
facilities to produce nultilayer |lam nate.'® Oher C-stage products
may undergo several finishing steps to prepare them for shipnent.

Preparation for delivery includes |abeling and packagi ng. 34
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Lam nates are al so produced by application of an adhesive-
coated roll of paper or vinyl filmto panel substrate. The paper or
vinyl filmis unwound, coated with a |liquid adhesive, and then
conbined with a substrate at a conmbining station. The substrate may
be panels of particle board, fiberboard, hardboard, etc., fed into
the line continuously end to end. Follow ng |am nation, the panels
are individually stacked.

The flexible | am nate manufacturing process is somewhat
different than that used by rigid | am nate manufacturers. Generally,
flexi ble | am nate manufacturers purchase the plastic substrate, which
is manufactured el sewhere, and use adhesive to attach copper foil
The adhesive application process is perfornmed on a web, and often the
shi pped product is still in a web formwhen it is delivered to the
circuit board manufacturer.

2.3.5 M scel | aneous Coating | ndustries

This industry segnent was created primarily to represent the
remai ni ng sectors of the POAC, such as the mmj or subsectors of
abrasi ve coating, specialty coaters that coat paper to custoner
specifications as it is obtained from paper manufacturers, and
rotogravure and w de-web fl exography coating (primarily in the
packagi ng and product subdivision that produces flexible packaging
for food). O her, mnor subsectors of the POAC i ndustry produce the
foll owi ng products: corrugated and solid fiber boxes; folding
paper board boxes, including sanitary; die-cut paper and paperboard
and cardboard; converted paper and paperboard, not el sewhere
classified; manifold business fornms and rel ated products; plastic
asepti c packagi ng; and carbon paper and inked ribbons. Because
rotogravure and w de-web fl exographi c coating has been previously
researched and studi ed under the printing and publishing NESHAP, this
subsector is not further discussed here. 3
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The 1996 TRl em ssions for the M scell aneous POAC i ndustries
are shown in Table 2-8. Fromthe information in Table 2-8, it can be
seen that the abrasives products subsector has the greatest nunber of
facilities anmong this group (at 32 percent), and the converted paper
and paperboard products not elsewhere classified (gift wap, paper
wal | paper, cigarette paper) subsector has the highest per-facility
em ssions (86 tpy) and highest portion of the em ssions (42 percent).
2.3.5.1 Baseline Emi ssions. Using TRI data from 1996 for SIC
codes 2653, 2657, 2675, 2679, 2761, 3074, 3291, and 3955, the total
nunmber of facilities and HAP em ssions in the m scell aneous industry

segnent were estimated to be 117 facilities and 13,174 tpy HAP

em ssions, representing 27 percent of the total facilities and 27
percent of the total HAP em ssions estimated for the POAC source
category. The total nunmber of major sources and HAP em ssions in the
m scel | aneous i ndustry segnent were estinmated to be 52 facilities and
12,714 tpy HAP em ssions, representing 12 percent of the total
facilities and 26 percent of the total HAP em ssions estinmated for

t he PONC source category. 3 2. 3.5 8brasive Products. Many

abrasi ve products such as sandpaper are coated products. Paper,
film cloth, and heavy fiber are all substrates used in the
manuf acture of abrasive products. |In particular, the use of filns,
especially polyester filns, is growing. |If cloth is used as an
abrasi ve product substrate, the cloth is pretreated to give it body;
abrasive cloths are called finishing cloths.

The coating process for abrasive products includes up to three
coatings that are applied to the substrate. For a cloth abrasive, a
seal coat is applied to the cloth. An adhesive coating is then

applied to bind the abrasive to the substrate. The abrasive is
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Tabl e 2-8.

1996 TRI

Facilities and Enm ssions for

M scel | aneous POAC | ndustry Segnent (a)

t he

Nunmber Per
of Per cent TRI Per cent Facility
TRI of TRI Em ssi ons of TRI Em ssi ons
SIC | NDUSTRY DESCRI PTI ON ( b) Facilities|Facilities (tpy) Em ssi ons (tpy)
2679 M sc. Converted Paper Produc{€onverted paper and paperboard prodfcts,38 27% 3,282 42% 86
nec (gift wrap, paper wall paper,
ci garette paper)
2653 Paper board Contai ners and Bojy€errugated and solid fiber boxes 19 13% 1,576 20% 83
3291 M sc. Nonnetallic M neral Abr asi ve products 46 32% 1,422 18% 31
Product s
2761 Printing and Publishing Mani f ol d busi ness forns 16 11% 847 11% 53
2657 Paper board Contai ners and Bo}&®sl di ng paperboard boxes, including 17 12% 336 4% 20
sanitary
3955 Pens, Pencils, Office, & Art|Carbon paper and inked ribbons 6 4% 272 3% 45
Suppl i es
2675 M sc. Converted Paper Produc{®i e-cut paper and board 1 1% 81 1% 81
3074 Pl astic aseptic packagi ng 0 0% 0 0% 0
Tot al 143 7,816
(a) Data is taken directly from TRl and does not account for facilities reporting under nmultiple SIC codes.

(b) nec

= not el sewhere cl assified.
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applied, and, in sone cases, another protective coating is applied
over the abrasive. Adhesives are applied with a roll coater, while
the abrasive is typically applied electrostatically. For sone
applications, a pressure-sensitive adhesive backing is applied to the
abrasive product. Printing is also used with abrasives manufacturing
to place the conpany nanme on the back of products that include
sandpaper. Gt is applied/printed onto the sandpaper backing with a
fl exography roller. 138

Most of the coatings and adhesi ves used by the abrasive
products industry segnment are waterborne. Sone special purpose
products may still require solventborne coatings and adhesi ves, but
even these are being reformul ated to waterborne. UV-cured coatings
are used in the manufacture of ophthal m c abrasives, that are used to
grind ophthalmc | enses. This product is amenable to the UV process
because of the thinness of the substrate that allows for conplete
penetration and curing of the coating by the UV radiation. 3

A phenol - formal dehyde resin is used to bind the abrasive to the
substrate. These resins are a source of formal dehyde em ssions
because they are fornmulated with excess formal dehyde. However, the
amount of excess forml dehyde has decreased dramatically over the
years. The resins used to contain as nuch as 20 percent excess
formal dehyde, but they now have | ess than 1 percent excess
f or mal dehyde. 14 Phenol and formal dehyde are the primary HAP enmitted
by the abrasive products industry segnent.

Based on 1996 TRI data for SIC 3291, the abrasive coating
i ndustry subsector has 46 facilities and emts approximtely
1,400 tpy HAP. ¥ The abrasive coating industry consists of only five
corporations (of which two are the primary participants), each having
facilities at nmultiple locations. The industry is represented by the

Coati ng Abrasives Manufacturing Industry (CAM) trade associ ation. 42
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2.3.5.3 Specialty Paper Coating. The term “specialty coating”

evol ved as a neans to distinguish traditional paper manufacturers,
who use nostly waterbased coatings in the paper making process, from
those facilities (sone closely associated with paper manufacturers)
that apply sol ventbased coatings to paper in order to generate
products, often for other paper converters who interface with the
custoners (i.e., consuners or end users). Specialty coating, then,
connot es sol vent -based web coating by the |atter group of
facilities. Specialty-coated products may include sonme of the
products presented above in the discussion of the pressure-sensitive
tape and | abel, flexible vinyl, and photographic filmindustry
segnents. However, what differentiates the subset of specialty-
coated products fromthe broad class of web-coated products is the
great extent to which their manufacture depends on custoner

speci ficati ons.

The Anmerican Forest & Paper Association (AF&PA) represents the
maj ority of the menbers of the paper industry and has a constituency
of twelve conpanies classified as specialty coaters. Information in
this section is largely based on site visits to sonme of these
specialty coating facilities performed with the cooperation and
coordi nati on of the AF&PA.

Speci alty coaters coat paper, in grades varying fromtissue
paper to heavy kraft paper, as well as paper/foil |am nates,
pol yester and other filnms, alum numfoil, vinyl, canvas and ot her
fabrics, and possibly other substrates. Specialty-coated products
and/ or end-uses include thermal inmaging papers (i.e., fax paper,
paper for register receipts), pressure-sensitive |labels, mcrofilm
for data storage, graphic arts papers, paper for finished stationery
products (i.e., notepads, diaries), gift wap (for sale to

di stributors), electronic equi pnment, photography, and printed circuit
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boards. Thus, as previously nentioned, specialty coated products are
not necessarily products absent fromthe other web coating industry
segnent s.

Specialty coating facilities are not necessarily small, with
sone having over 10 coating lines. Facilities that conduct nore
printing than coating nmay have | onger setup and breakdown peri ods
than facilities that produce only a few products, because the print
pl ates are nore likely to need to be switched out between different
product runs than coating lines, which can be dedicated to one type
of coating process applying a uniformlayer across the web.

The types of coating applicators used by the specialty coaters
i ncl ude gravure, roll, rod, slot die, and knife. The types of
coatings include sol ventbased , waterborne, UV-cured, and 100 percent
solids. The HAP's used by specialty coaters include vinyl acetate,
met hanol , toluene, glycol ethers, and nmethyl ethyl ketone (MEK).

Safety issues at specialty coating facilities arise with the
use of some | ow- HAP coatings, such as the need to use corona
di schargers (which generate ozone) to treat filmsurfaces before
appl yi ng wat erbased coatings, and the allergic reactions in sone
i ndi viduals as a result of working with 100 percent solids,
radi ati on-cured coatings. Technical issues with regard to replacing
sol vent borne coatings in specialty coating include the inability to
repl ace sol ventborne fornul ations for applications such as the
metal lized coating of paper and the manufacture of mcrofilm both of

which currently require sol vent based coating chem stri es.
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3.0 EM SSI ON CONTROL TECHNI QUES

3.1 | NTRODUCTI ON

Em ssion control techniques applicable to the paper and ot her
web coatings (POAC) industry can be categorized as either:
(1) prevention of em ssions (pollution prevention nmeasures); or
(2) control of captured em ssions by a control device. Sections 3.2
and 3.3 describe capture systems and control devices, respectively.
Section 3.4 describes pollution prevention measures.
3.2 CAPTURE SYSTEMS

Capture systens are used in this industry to collect solvent-
| aden air containing HAP and direct it to a control device. Oten,
facilities conbine solvent-laden air captured from several coating
operations, each with its own capture nmethod, and duct it to a single
control device. |In heatset coating processes, solvent is renoved
fromthe coated substrate by evaporation in a dryer. The exhaust
fromthe dryer can be easily ducted to a control device without
addi ti onal capture systens in place. Additional capture systens are
often used to collect fugitive em ssions from solvents that evaporate
fromother parts of the coating |line, such as the coating application
and flash-off areas, and exhaust themto a vent or control device.

The design of the capture system and the choice of control
devi ces, can greatly contribute to the overall HAP contro
efficiency, which is a conbination of both capture and control
efficiencies.



Capture methods in use by the POAXC i ndustry are generally
ei ther hoods or enclosures. They include canopy hoods, floor sweeps,
parti al enclosure of coating stations, room encl osures, permanent
total enclosure (PTE), and ovens operated at negative pressure.®?
Permanent total enclosures (which may include room encl osures) can
achi eve 100 percent capture. A HAP capture efficiency of 100 percent
is assuned for systens neeting the EPA's criteria for PTEs descri bed
in EPA test nethod 204. The other capture nmethods are not generally
associated with a specific capture efficiency. An efficient vapor
collection systemw ||l maxim ze the capture of fugitive em ssions
while mnim zing the capture of dilution air.

I n responses to PONC surveys sent to the pressure-sensitive
tape and | abel (PST), flexible vinyl, photographic film and
decorative and industrial |am nates industry segnments, estimtes of
HAP capture ranged from zero to 100 percent capture, with the average
HAP capture efficiency per process greater than 90 percent for
operations with control devices.?

Capture systenms can be inproved to collect previously fugitive
solvent in the air surrounding coating lines by construction of
addi ti onal hoodi ng and/or coating line enclosures. |In theory,
capture can be inproved to 100 percent for any coating line or
coating area by retrofitting walls and increasing capture to neet the
requi rements of a PTE; in practice, retrofitting sonme existing
facilities may be prohibitively expensive.* The installation of a
PTE on an existing line, if not designed properly, could increase
evaporative | osses froma coating line through increased airflow and
force the need for additional control devices.?®

It may be econom cally advantageous to pretreat air collected
by capture systenms with solvent concentrator systens. Concentrator

systens are designed to adsorb solvents fromdilute air streans. The

3-2



sorbent (activated carbon or zeolite) is regenerated with hot air.
The regeneration air requirenent is only about 10 percent of the air
treated. Thus, the dilute solvent-laden air streamis converted to a
concentrated regeneration air stream which is exhausted to another
control device. |If the exhaust fromthe concentrator systemis
ducted to an existing solvent recovery system then sonme increase in
capacity of the existing solvent recovery systens may be required.

A widely used source of information on designing industrial
ventilation systens is the Industrial Ventilation manual published by
the American Conference of Governnental Industrial Hygienists
(ACG H).® This manual, revised every few years, provides guidance on
desi gni ng hoods to ventilate many general operations, including open
surface tanks (e.g., dip tanks), painting (e.g., spray booths), and
m scel | aneous operations such as a Banbury m xers and cal ender rolls.
The ACGE H manual al so addresses sizing of ducts, selection of fans,
and cal cul ati on of exhaust system pressure | o0ss.

To deternm ne volatile organic conpound (VOC) capture efficiency
(i.e., the ratio of VOCs entering the control device to the total
VOCs emtted by the process), the EPA has devel oped a testing
procedure that sanples both captured VOC em ssions and fugitive
em ssions in the gas phase. Captured VOC em ssions are sanpled from
t he process exhaust |eading to the control device, and fugitive
em ssions sanples are taken fromthe exhaust of an enclosure
surroundi ng the process.

Three types of enclosures are recommended by the EPA to isolate
VOC sources for capture efficiency testing: tenporary total
encl osures; building enclosures; and PTEs. During the |last several
years, PTEs have becone nore popular as a viable, cost-effective
met hod of denpnstrating VOC capture efficiency.” A case study

i nvol ving construction of a PTE at a printing facility to contain VOC
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em ssions fromtwo existing fl exography presses and a future
addi ti onal press was presented at the annual neeting of the Air &
Wast e Managenent Association in 1997.8

A conmmon ni sconception concerning the installation of PTEs is
t he assunption that increased air volunes will need to be handl ed,
and, therefore, the control device will need to be up sized to handle
the increased airflow. While this is true for some PTE
configurations, a well-designed encl osure can be adequately
ventilated using the existing process exhaust air flow °1011,1213 By
i ncorporating airflow reduction techni ques, such as cascading the
exhaust air froma | ower concentration source to a higher
concentration source, lowering the ceiling/raising the floor, and the
use of closed-1oop systens, airflows can be sonetines decreased over
t hose associated with the process before the installation of the
PTE. 141516 One conpany that has retrofitted PTEs at nore than 50
pl ant sites in ten different industries has found that air flows from
t he workpl ace can be reduced by 25 to 50 percent while simnultaneously
enhancing the air quality in the working environnent.?’

The EPA has published seven test nethods for capture
ef ficiency: Method 204 and Met hods 204A through F.'® Follow ng
construction of a tenporary or permanent total enclosure, the
encl osure nmust be tested using EPA Method 204 to verify that it neets
EPA design criteria. |If the enclosure neets the test criteria, no
further capture efficiency tests are required because the VOC capture
has been established at 100 percent.

In an EPA technical docunment entitled, "Cuidelines for
Determ ning Capture Efficiency,"! details are provided for the EPA-
approved test nethods for determ ning capture efficiency perfornmance

of VOC em ssion control systens. The guidance al so presents two
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alternative methods, the data quality objective

limt test nethods, which do not
3.3 CONTROL DEVI CES

Add- on control

require use of

devi ces can be of two types:
(destruction) and recovery. Conmbustion devices
oxi di zers/incinerators) are nore conmonly used,
al nost

capabl e of high renoval efficiencies for

vapor. Recovery devices include condensers and
specifications and limtations of these control
in an EPA handbook of control

W t hout act ual

technol ogi es for
pol [ utants. 2!
system and em ssion stream HAP renova
devi ces can be assuned to be equal

The nmobst common HAP contr ol
are therml
extent, carbon adsorbers.
sol vent
devi ces are discussed in nore detail

387 contro

contr ol

In the POAC survey responses,
met hods were cited;
adsor bers, and condensers accounted for

or recovery methods.

source test data for
to VOC renoval

oxi di zers (also call ed oxidizers) and,
Based on survey responses,

recovery are also used at sone POAC facilities.

devi ces or

oxi di zers (both catalytic and thermal),

and | ower confidence

a total encl osure.

combusti on

(e.qg.,

because they are
any type of organic
adsor bers. 20 Design

devi ces are provided

hazar dous air

a specific contro

efficiency of the control

efficiency. 22

devi ces used in the POANC i ndustry

to a | esser
condensers for

These

bel ow.

recovery

car bon

92 percent of these devices

Li qui d absorbers and biofilters were found in use by sone

facilities in the POAC surveys.

the solubility of the HAP in a liquid (such as water).

absor ber,
in usually a counter-current flow direction,
t hrough a tower
flat i nt ernal

pl ates. The tower’s

maxi m ze gas contact with the |iquid.
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are generally controlled by the followi ng: concentration of the HAP
in the air stream solubility of the HAP in the |iquid; HAP
absorption rate; and absorber design and operating conditions (e.g.,
t ower hei ght and/or diameter, nunber of plates, liquid flow rate). 23
Biofilters are control devices made up of m crobiological filter
medi a that use hydrocarbons, such as the HAP, for food and emt
carbon di oxi de as waste products.

Ot her control devices in use by this industry, such as wet
scrubbers and cycl ones, are believed to be primarily used for control
of particulate matter and may not affect HAP em ssions.

Tabl e 3-1 presents HAP control efficiency ranges for each of
t hese control devices, both reported in EPA literature and reported
in POANC survey responses fromthe POAC i ndustry. Thirty percent of
POWC facilities responding to the POANC survey operate one or nore
coating lines wthout add-on control devices, which corresponds to 29
percent of the coating |ines w thout add-on control devices.

Tabl e 3-1. Common Control Devices and Associ at ed
HAP Control Device Efficiency Ranges (Percent)

HAP Control Device
HAP Control Device |Efficiency Reported
Ef fi ci ency Reported i n POAC Survey

Control Device in EPA Literature Responses
Ther mal oxi di zer 98 - 99+24.25 86 - 99.96
Catal ytic oxidizer 95 - 9926 25 - 99.5
Car bon adsor ber 95 - 99% 40 - 99.9
Condenser 50 - 902 50 - 99.9

The high control efficiencies fromthe POAC surveys and

literature are not necessarily indicative of the overall performance
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of control devices in the POANC i ndustry. The high efficiencies in
t he surveys are for short term performance tests only and do not
necessarily reflect |onger termeval uations; such tests are nore
appropriately used to eval uate whether the control device has been
desi gned and installed properly. Long term performance depends on a
nunber of additional considerations. Dependi ng on the

condi tions of operation during performance tests, e.g., inlet HAP

| oading to the control device and anbi ent tenperature, control
efficiencies may not represent overall control device performance.
When facilities report short termefficiency based on testing, the
test is often conducted at maxi mum operating conditions that result
in measurenment of the highest control efficiencies.

Al so, the batch nature of the coating process (i.e., different
products with different coating specifications produced on the sane
i ne throughout the day) would make it difficult to achieve the high
control levels reported in the surveys all the time. Em ssion stream
characteristics (flow rate, concentration, tenperature) are often not
constant in batch processes and control devices are often designed
only for maximum fl ow rates and concentrations.? High contro
device efficiencies reported for this industry are usually for short
term performance tests only and do not necessarily reflect |onger
term eval uations. Such tests are nore appropriately used to eval uate
whet her the control device has been designed and installed properly;
|l ong term performance depends on a nunber of additional
consi derations, as discussed above.

I nformation on the specific test conditions for the control
efficiency data coll ected through the surveys was not avail abl e.

Real -time em ssion data froma POAC facility does show that coating
process variabilities contribute to the inability of a facility to

show consistently high |l evels of control.3 For the reasons
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descri bed above, the likelihood that the POAC survey responses

included only initial conpliance determ nation data should be

consi dered, and that the data do not necessarily reflect control

| evel s achi evable during all of the various coating operations.
Many factors are known to affect the performance of carbon

adsor ption3 and thermal oxidizer3 control devices. These factors

are discussed in nore detail bel ow

3.3.1 Oxidizers

3.3.1.1 Thermnl oxidizers. Thermal oxi dizers are control devices in

whi ch sol vent-laden air is preheated and then passed to a conbustion
chanmber. In the conbustion chanber, volatile organics in the inlet
air streamare ignited and conbusted to carbon di oxi de and water.
Dilute gas streans require auxiliary fuel (generally natural gas) to
sustain conmbustion. Also, because the oxidizer nmust be in operation
at tinmes when HAP em ssions are very low (e.g., when coating
operations are on standby between jobs), supplenental fuel

requi rements will vary.

The two main types of thermal oxidizers used in this industry
are recuperative and regenerative. The recuperative oxidizer enploys
a heat exchanger to preheat the inlet air stream Regenerative
oxi di zers operate in a cyclic node, enploying ceram cs to obtain
greater energy recovery.33 Figure 3-1 is a schematic diagram of a
thermal recuperative oxidizer.

Thermal oxi di zers can be operated at a wi de range of control
device efficiencies, with efficiencies ranging from98 to 99
percent.33% | n the POANC survey responses, 278 out of the 387
control devices (or 72 percent) were thernmal oxidizers, with
destruction efficiencies ranging from 86 to 99.96 percent.

Desi gn paraneters critical to successful conbustion are

turbul ence, tenperature, and residence tinme. The conmbustion chanber
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must be designed to provide sufficient turbulence to mx the inlet
air with any auxiliary fuel. Air tenperature and residence tine in
t he conmbustion chanmber nust be sufficiently high and | ong,
respectively, to ensure conpl ete conbusti on.

Test results show that thermal oxidizers can achieve 98 percent
destruction efficiency for nost VOCs at conmbusti on chamber
tenperatures ranging from 700 to 1300°C (1300 to 2370°F) and
residence tines of 0.5 to 1.5 seconds.® In order to achieve 98
percent destruction of nonhal ogenated VOC (and organic HAP), the
operating tenperature of a thermal oxidizer nust be greater than
870°C (1600°F).%*® 1In this tenperature range, a residence tinme of
nmore than 0.75 seconds nust be used to ensure 98 percent destruction
of nonhal ogenat ed organi cs. 3 The nmaxi num achi evabl e VOC destructi on
efficiency decreases with decreasing inlet
concentration because of the nuch slower combustion reaction rates at
| ower inlet VOC concentrations.

Oxi di zers are equi pped with controllers for start-up, to allow
t he conmbustion chanber to reach the proper tenperature. These
controllers can be designed to prevent operation of the em ssion
source (e.g., coating operation) until the oxidizer tenperature is
adequate to ensure destruction of volatile organics.

To avoid a fire hazard, the inlet air streamto an oxidizer is
nmonitored to ensure that its organic concentration is below the | ower
explosive limt (LEL). The LEL defines the m ni mum concentration of
a conpound that at ambient conditions can produce nore energy than is
needed to raise its tenperature to the ignition point.* The
concentration of VOC in the inlet air streamto an oxidizer is
typically limted by insurance conpanies to 25 percent of the LEL for
a specific VOC. 43

3.3.1.2 Catalytic oxidizers. Catalytic oxidizers, |ike

thermal oxidizers, are control devices in which solvent-laden air is
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preheated and then passed to a conbustion chanber. |In the conbustion
chanmber, volatile organics in the inlet air streamare ignited and
conbusted to carbon dioxide and water. |In the presence of a

catal yst, conbustion will take place at a | ower tenperature than that
required for thermal oxidizers. Tenperatures between 350 and 500°C
are common. The catalysts, supported on ceramic or netallic
substrates, are netal oxides or precious netals.

Catal ytic oxidizers in use by the POAC i ndustry are of the
fi xed-bed type, using either a nonolithic or packed-bed catal yst.
The tray type of packed-bed catal ytic oxidizer, which uses a
pell etized catal yst, is advantageous where | arge anounts of
phosphorus or silicone conpounds are present.#

Catal ytic oxidizers can achieve control device efficiencies of
95 to 99 percent.* In the POAC survey responses, 20 out of the 387
control devices (or 5 percent) were catalytic oxidizers, with
destruction efficiencies ranging from25 to 99.5 perc@otpar ed
with a thermal oxidizer, the | ower operating tenperature of a
catal ytic oxidizer can reduce or elimnate the need for suppl enental
fuel during normal operation. Also, the nitrogen oxides fornmed is
reduced at the | ower operating tenperature of a catalytic oxidizer.

Chl ori nated solvents and sonme silicone additives in coating
formul ations will poison or deactivate certain catalysts. However
catal ysts now exi st that are tolerant of chlorine, sulfur, and other
conpounds. 46 The use of chlorinated solvents, however, has decreased
dramatically in recent times so that they are now sel dom used. #’

The exhaust from adhesive drying ovens can potentially contain
nonvol atile organic matter such as particles of adhesive resins,
additives, rel ease conpounds, etc. An oxidizer designed to conbust
vol atile organics may not have sufficient residence tine to destroy
the particles. The em ssion rate of these particles is usually very

| ow. However, particulate matter can reduce conbustion efficiency by
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bl i nding the pores of the catalyst, inhibiting contact between the
catal yst active sites and the pollutant gases due to a particul ate
bui |l dup on the catalyst bed. Also, pressure drop is increased when a
particul ate buil dup occurs, increasing energy requirenents of the
bl ower . 48
3.3.2 Adsorption

Adsorbers in use by this industry use activated carbon as the

adsorptive material in a regenerable fixed bed. 1In a typical carbon
adsorber, solvent-laden air is passed through a fixed bed of granul ar
activated carbon. Volatile organics in the entering air stream are
adsorbed onto active sites on the surface area of the carbon, until
at sonme point the capacity of the carbon is exhausted, all ow ng
organi cs to pass through unadsorbed (call ed breakthrough). Adsorber
beds are typically operated in parallel so that when the adsorption
capacity of one bed is exhausted, it can be renoved from service and
a second adsorber bed can be put into service. The spent carbon in
the first adsorber bed is then regenerated. A changeover from one
adsorber bed to another is automatically initiated either at a preset
interval or when an outl et concentration of VOC exceeds the
br eakt hr ough setpoint according to a gas nonitor on the adsorber
outlet. Figure 3-2 is a schematic diagram of a two-bed carbon
adsor ber.

Car bon adsorption systens can achi eve control device
ef ficiencies between 95 and 99 percent for sonme organic HAP.4 In
t he POWC survey responses, 39 out of the 387 control devices (or 10
percent) were carbon adsorbers, with control device efficiencies
ranging from40 to 99. 9+ percent.

In contrast to combustion, carbon adsorpti on does not destroy
the HAP it renoves fromthe air stream Carbon adsorbers in this

i ndustry are thermally regenerated, usually by passing steamthrough
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the carbon beds.% The HAP is thereby renoved fromthe carbon
(desorbed) and transferred to the steam The HAP-containing steamis
t hen condensed, and the solvent separates fromthe water. The

sol vent can then be decanted for sale or reuse. Regeneration can

al so be achieved with hot air. Hot-air regeneration can be quite
attractive when dealing with water soluble solvents.® Carbon
adsorption is nost easily adaptable to coating lines that use a
single solvent; if solvent m xtures are collected by adsorbers, they
usually are distilled for reuse.

There are two options for disposing of recovered solvent that
cannot be reused. The first is to sell the material back to the
sol vent supplier or an independent firmthat specializes in
reclaimng contam nated sol vents. The other option is to use the
recovered solvent as a fuel in coating ovens or in boilers. However,
many coating ovens and boilers are gas-fired and woul d require burner
nodi fi cations to burn solvent. Carbon adsorption is generally
economcally attractive only if the recovered solvent can be reused
directly. 53

Car bon adsorbers are nost suitable for solvent systens that are
imm scible with water, such as toluene and xyl ene, but are not
recommended for ketones such as nmethyl ethyl ketone and nethyl
i sobutyl ketone.

The presence of solid particles or polynerizable substances in
the inlet air streamto a carbon adsorber nay require pretreatnment of
the inlet air. Cooling and dehum dification may al so be required as
pretreatment in some cases. %

The concentration of VOC in the inlet air streamto a carbon
adsorber is typically limted by insurance conpanies to 25 percent of
the LEL. |If proper controls and nonitors are used, LEL |levels of up

to 50 percent may be all owed. %
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3.3.3 Condensation
Condensation is a control technique in which one or nore

vol atil e conponents of a solvent-|laden air stream are separated from
t he remai ni ng vapor through saturation followed by a gas-to-liquid
phase conversion (i.e., condensation). The recovered organic
conponents can be reused or sold. The nore volatile a conpound, the
| ower the tenperature required for condensation, so refrigeration is
often enployed to obtain the | ow tenperatures required for acceptable
renoval efficiencies.® Renoval efficiencies obtained by condensers
usual ly range from50 to 90 percent.® |n the POAC survey responses,
15 out of the 387 control devices (or 4 percent) were condensers,
with renmoval efficiencies ranging from50 to 99.9 percent.

The nost common types of condensers used are surface and
contact condensers. In surface condensers, the cool ant does not
contact the gas stream Mst surface condensers in refrigerated
systens are of the shell-and-tube type, where coolant is circul ated
t hrough tubes and the volatile organics condense on the outside of
the tubes. Surface condensers allow for direct recovery of volatile
organics fromthe gas stream?® Figure 3-3 is a schematic di agram of
a shell-and-tube surface condenser. Contact condensers, unlike
surface condensers, cool through
direct contact of the coolant with the gas stream The contact
condenser coolant is a liquid, at anbient or chilled tenperature,
sprayed into the gas stream In a contact condenser, the condensed
vol atil e organics are contam nated with cool ant, so they cannot
usual ly be reused directly or recovered without further processing.?5!

Based on the survey responses, condensers with solvent recovery
units are used nore commonly by manufacturers of pressure-sensitive
tapes and | abels than by other industry sectors. Mst if not al
condensers used in the pressure-sensitive tapes and | abels industry

sector are surface condensers. 62
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To achieve extrenely |low outl et organic concentrations,
condensation alone is usually inadequate.® |In the POAC survey
responses, one facility used a condenser in conmbination with carbon
adsorbers to achieve >99 percent control of HAP. Condensers can
usual ly be used al one successfully if em ssion streanms contain high
inlet concentrations of volatile organics. Condenser renoval
efficiencies greater than 85 percent usually require volatile
organi cs concentrations of 10,000 ppnv
or greater.% In the POAC survey responses, there were three
facilities that used condensers alone to achieve greater than
90 percent control efficiency; all three of these facilities were in
the pressure-sensitive tape industry segnentCondensers are al so
used with coating lines that use inert ovens. An inert oven is a
coating drying nmethod that uses an inert gas (e.g., nitrogen) to
repl ace oxygen in the air space in the oven. |Inert ovens are used
with coatings that otherwi se would be difficult to apply w thout
form ng air bubbles under the coating surfaces.® There is no oven
vent to the atnosphere in an inert oven. |Instead, a small dianeter
pi pe conducts superconcentrated exhaust at flow rates of only 100-200
ft3mn to condensation coils. Solvent concentrations nmay be 100, 000
to 200,000 ppmin an inert oven's exhaust, which is above the upper
explosive limt (UEL) for nost/all solvents. After the sol vent
condenses out of the gas in the coils, the cleaned gas is returned to
the oven; this cycle is a closed loop in terns of the oven gas. 66

For proper operation, there nust be an oxygen-free dead-zone of
air space after the inert oven, where the air flow is bal anced
between the air pulled in vs. the air pushed out. This situation
conplicates the use of total enclosures around a coating line with an
inert oven. Also, air flowwthin the oven would need to be
increased to achieve total enclosure. Unfortunately, air flow as

little as 200 ft/mn can disturb the web in an inert oven and cause a
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web, especially one made of paper, to break. Because of issues such
as sol vent concentrations above the UEL and static electricity in
filmcoating, safety is another concern with totally enclosing the
air space around inert ovens. ¢

3.4 PREVENTI VE MEASURES

3.4.1 Product Substitution/Refornulation

Many facilities in the POANC i ndustry have adopted air pollution
control strategies that have included substitution of |ower-solvent
coatings for higher-solvent coatings, or a conversion from
sol vent borne coatings to waterborne coatings. For sonme products,
substitute coatings have not been devel oped to neet perfornmance
requi rements, therefore, substitution or refornulation of coatings is
not presently an option. Also, it my be the case that a single
coating line could be used with a | owsolvent coating for one
product, but may need to use a higher-solvent coating for another
product because an alternative coating is not available for this end
use.

In the POAC surveys, the use of | ow HAP coatings, such as
wat er borne, ultraviolet cured, hot-nelt, and reactive resins were
reported in use by many facilities. 1In the flexible vinyl and film
i ndustry segnent, 74 percent (40 out of 58) of the facilities cited
the use of |owHAP coatings. |In the pressure-sensitive tape industry
segnent, |ow HAP coatings were used in 54 percent (49 out of 91) of
the facilities. |In the decorative and industrial |am nates sector,
12 percent (5 out of 41) of the facilities cited the use of | ow HAP
coat i ngs.

One problemw th | ower-solvent coatings is that, although there
are nonzero HAP em ssions fromthese coatings, the concentration of
HAP in the coating oven/area exhaust is too lowto be efficiently
controlled in a normally-sized add-on control device. Also, since

t he exhaust contains a relatively high water content along with a | ow
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HAP concentration, there is too little heat value for combustion of

t he exhaust. Consequently, HAP standards devel oped for the industry
will provide alternatives to a percentage en ssion reduction
otherwise, a facility m ght be prevented fromswtching froma

sol vent borne coating to a waterborne coating when the substitution is

possi bl e.

3.4.2 Wrk Practice Procedures

Wor k practice procedures are physical actions intended directly
to affect em ssion reductions. Because work practice procedures are
specifically tailored to an industry, they may vary froma few nanua
operations to a conpl ex program

For situations where an em ssion standard for control of a HAP
is not feasible, then design standards, equi pnent standards,
operational standards, and/or work practice standards can be
promul gated i nstead of an em ssion standard. As described in
section 112(h) of the CAA, situations where an em ssion standard is
not feasible are when a HAP cannot be directed through a capture
device (or when use of the capture device would be inconsistent with
Federal, State, or local |aw) or when the application of nmeasurenent
met hodol ogy to a class of sources is not practicable due to
t echnol ogi cal and economc limtations.

For the POWC industry, work practice procedures nmay be
appropriate for sone activities, such as the follow ng: solvents in
mai nt enance operations; solvent handling and transfer; spraying
operations and booths; drying and squeegee operations; and open
vessels. Exanples of such work practice standards are provided in
Tabl e 3-2.
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Tabl e 3-2. Exanples of Wirk Practice Standards

Activity

Sol vents use in
cl eani ng

Exanpl e Work Practice Standard

--Used cl eani ng sol vents nust be put i ntg
encl osed cont ai ner.

--During atom zed cl eaning of a spray gur
t he cl eaning solvent nust be directed int
waste container fitted with a capture
devi ce.

Sol vent handl i ng and
transfer

--Handl i ng and transfer of solvents nust
conducted in such a manner to reduce spi
Spills nust be wi ped up i mediately and {
W pe rags stored in covered contai ners.

Open vessel s

--Waste solvent will be stored in closed
contai ners that may have an opening for

pressure relief but do not allow for |iqyi

to drain.
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4.0 MODEL PLANTS, CONTROL OPTI ONS, AND ENHANCED MONI TORI NG

4.1 | NTRODUCTI ON

This chapter describes nodel plants, control options, and
enhanced nmonitoring options for the paper and other web coating
(POWC) industry. Model plants were devel oped to evaluate the effects
of the control options on major sources in the POAC source category.
Control options were sel ected based on the application of currently
avail abl e control devices and | evels of capture consistent with the
| evel s of overall achievable control. Enhanced nonitoring options
are specified to ensure the consistent perfornmance of control
devi ces.
4.2 MODEL PLANTS

Model plants have been specified to represent the range of
capacity and overall control efficiency (OCE) at major sources in the
POWC i ndustry, as determned primarily by responses to EPA surveys of
four POANC i ndustry segnents: pressure sensitive tapes and | abels;
fl exi ble vinyl; photographic film and decorative and industri al
| am nates industries. According to one estimate, based on a
conpari son of POANC survey efforts and Toxi c Rel ease Inventory (TRI)
data, these four industry segnents represent approxinmately 80 percent
of the maj or sources and HAP em ssions of the TRI facilities in the
nonprinting portion of the POAC i ndustry.!?

In the POANC survey responses, it was found that HAP OCE was a
function of control device operation and capture efficiency. The

overall |evel of control was distributed in the surveyed facilities
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fromzero to nore than 95 percent, with approximately 20 percent of
the facilities reporting zero control, 50 percent reporting between
zero and 90 percent, and the remaining 30 percent reporting nore than
90 percent control.

It was also found in the POAC survey responses that HAP usage
varied widely anong facilities. Six facilities reported zero HAP
usage. On the average in the surveyed facilities, nore than
80 percent of the HAP emtted was fromthe coating |ines and
associ ated processes. The other sources of HAP em ssions include
m xi ng, cleaning, and storage. These sources are nostly
uncontrolled, with the unencl osed processes not as anenable to
capture and control as enclosed processes. Little data were
avai l abl e on the control of these sources. Consequently, HAP usage
for sources of HAP other than coating |lines was not addressed in the
nodel pl ants.

Model plants were devel oped fromthe 89 identifiable major
sources in the POANC survey responses. While these nodel plants
represent the sources that will be regul ated, they are not
necessarily representative of all plants in the entire industry,
since mpj or sources are only the highest emtters of HAP em ssions by
t he industry.

The two paraneters used to devel op the nodel plants were the
coating |line HAP OCE and the coating |ine HAP eni ssions after
control. These parameters were chosen because they were the plant
paranmeters that best differentiated the plants into groups, and
because they are the nobst inportant paraneters in cost and inpact
anal yses.

Five separate coating |ine OCE groups corresponding to 0, 50,

80, 90, and 95 percent OCE are represented by the POAC nodel plants.
Wt hin each OCE group, the controlled coating |ine HAP em ssions were

exam ned and subcat egories were created where the HAP em ssions
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wi thin each OCE group covered too wide a range to be represented by a
sinmpl e average. For nodel plants with OCE' s of 0, 50, and 80 percent
OCE (Model Plant groups 1, 2, and 3), two subcategories were created
for this purpose. 1In each case, the “a” group had controll ed HAP
em ssions |less than 200 tons per year (tpy) and the “b” group had HAP
eni ssions greater than 200 tpy. It was also the case that the “a”
groups had fewer coating lines than the “b” groups, with the “a”
groups having five or fewer coating lines. For Mdel Plant group 1,
athird “c” category was created to represent the facilities that are
i kely using conpliant coatings; facilities in this group had coating
HAP enm ssions |l ess than or equal to 0.2 pounds (I b) HAP emtted per
I b of coating solids applied. Specifications for the POAC nodel
pl ants are given in Table 4-1.
4.3 CONTROL OPTI ONS

Tabl e 4-2 presents the three control options for the POAC
i ndustry that include ranges in capture system and add-on contr ol
performance, and the use of |ow HAP coatings. For add-on controls,
any conbi nati on of capture and control device efficiency that
produces an OCE of 95 percent is equivalent to the control option.
For | ow HAP coatings, the control option is a level of 0.2 pounds
(I'b) of HAP emtted per | b of coating solids applied.

The add-on control systens of denonstrated control
effectiveness in the POAC i ndustry are conposed of a HAP capture
system achi eved by permanent total enclosures (PTEs) and a HAP
destruction or recovery system achieved by thermal or catalytic
oxi di zers, or carbon adsorbers, condensers, and other solvent

recovery systenms. These devices are discussed in Chapter 3.



Tabl e 4-1. Specifications for Mddel Plants Representing the POAC | ndustry?
Coati ng Line Control | ed Uncontrol |l ed
Overall HAP |Coating Line Aver age Aver age Coati ng Line HAP Percent of
Model Contr ol HAP Number of Nunber of HAP HAP Capture| Destructi on | Dat abase
Pl ant Ef ficiency, Em ssi ons, Coating Use, Coat i ng Coat i ng Em ssi ons, Efficiency, | Efficiency, Maj or
No. per cent t py t py Li nes Stations t py per cent per cent Sour ces
la 0 99 2,108 2 5 99 0 0 20
1b 0 1, 765 7,521 12 9 1, 765 0 0 3
1c® 0 48 6, 597 3 17 48 0 0 10
2a 50 138 8, 607 5 11 276 55 90 25
2b 50 1, 261 369, 929 31 154 2,522 53 95 1
3a 80 183 7,518 3 8 915 89 90 11
3b 80 1, 378 14,516 8 15 6, 890 84 95 1
4 90 99 3,431 4 12 990 95 95 24
5 95 40 5,498 5 19 800 97 98 5
tpy = tons per year.
Al t hough a control efficiency of zero is stated, this nodel plant is assumed to be using conpliant coatings with

#0. 20 pound HAP per

pound coating solids.




Table 4-2. Control Options for the POAC I ndustry

Overall Facility Coating Line Average

HAP Col | ecti on/ Dveral | HAP
HAP Capture Destruction Contr ol

Control | Efficiency, Ef ficiency, Ef ficiency,
Option per cent per cent Type of Control per cent

hermal oxi di zer,

1 95-100 95- 100 car bon adsor ber/ 95
sol vent recovery

nert oven/

condensat i on 95

2 95-99 95-100

ow HAP coati ngs
3 NA NA #0.2 | b HAP per NA
b coating solidg)

Note: NA = Not applicable.

| mproved capture involves contai nnent of previously uncollected
HAP em ssions. Capture technol ogies include canopy hoods, floor
sweeps, partial enclosure of coating stations, room encl osures, and
PTEs (which may include room enclosures). Control options involving
air handling can be specified as varying degrees of air collection,
up to and including construction of (or conversion of existing
coating operation roons to PTEs), with many gradations existing
bet ween current capture systens and PTEs. The specifications of
ventil ation, hooding, and ducting for increnmental inprovenents to
exi sting systens are site-specific.

Substitution of coatings with | ower HAP content may be an

i nportant pollution prevention control technique at sone facilities.
A reduction in HAP em ssions through substitution of nonHAP sol vents
for some HAP solvents in the coatings can achieve the same reduction
in HAP em ssions as that of the add-on control techniques.

Facilities that operate efficient HAP add-on control systens,
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however, may have little incentive to reduce the HAP content of their
coati ngs.

Reduci ng the HAP content of coatings also may not be
appropriate for all facilities or product types. Fromthe avail able
information, it appears that the cost and effects on output quality
resulting fromsubstitution of nonHAP sol vents for HAP solvents are
product-specific, with notable success in some areas and notable |ack
of success in others.? Existing control devices (which are usually
desi gned and operated for volatile organic conpounds (VOC) control)
may not be conpatible with | ow HAP fornul ati ons, because of the
potential for |ow HAP/VOC inlet concentrations.

Wil e substitution of nonHAP sol vents for HAP shoul d be
encouraged as a pollution prevention option, it my affect VOC
em ssions if VOC solvents are substituted for HAP sol vents. Sone
pl ants have adopted wat erborne or radiation-cured coating
technol ogi es to reduce VOC em ssions. Sone of these fornulations are
totally HAP-free, although many | ow- VOC wat er borne coating systens do
contain small percentages of HAP (typically glycols, glycol ethers,
or alcohols), with or without a small amount of nonHAP VOC as wel |.
Usual Iy, | ow VOC, |ow HAP coating fornmulations are used with no
control devices.

Control strategies for the POAC industry are influenced by the
conposition of coatings and other materials applied on the coating
line and by regulatory requirenents. Often, regulations presently in
effect limt em ssions of VOC. Existing control devices are, for the
nost part, currently specified and operated to meet VOC em ssion
requi renents. However, nost of the organic HAP are VOC and,
therefore, the control efficiency for HAP is expected to be the sane
as for VOC. 3

New control devices can be selected based on the coating system

in use or, if nmore than one type of device is potentially suitable,
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based on cost or requirenents of other regulations, if also
applicable. Usually, if capture efficiency is maxin zed at 100
percent with PTEs, greater flexibility of control device operation
can be realized to neet the needs of daily operations.

As noted in Chapter 3, all control devices currently in use in
the POWC i ndustry can achieve efficiencies of at |east 95 percent.
Al t hough hi gher efficiencies are achievable, consistent high inlet
concentrations of HAP are needed; therefore, reaching high
efficiencies at |lower inlet HAP concentrations may be difficult and
not possible all of the tinme because of the batch nature of the POAC
processes (i.e., different products with different coating
specifications produced on the same |line throughout the day).
Em ssion stream characteristics (flow rate, concentrati on,
tenperature) are often not constant in batch processes and contr ol
devi ces are often designed only for maxi mnum flow rates and
concentrations.* High control device efficiencies reported for this
i ndustry are usually for short term performance tests only and do not
necessarily reflect |longer termevaluations. Such tests are nore
appropriately used to eval uate whether the control device has been
desi gned and installed properly. Long term performance depends on a
nunmber of additional considerations, as discussed above.

The one exception to achieving 100 percent capture is where the
particul ar product or substrate requires the use of a nitrogen-
bl anketed inert drying oven. These devices allow for coating
operations within a low air flow high solvent vapor zone w thout risk
of an explosion with high nitrogen and | ow oxygen |levels within the
oven. For proper operation and safety, there nust be an oxygen-free
dead-zone air space after the inert oven.® This precludes the use of
a PTE, where air is continuously exhausted throughout the coating

ar ea.



4.4 ENHANCED MONI TORI NG

Facilities in the POAC i ndustry that operate thermal
incinerators or catalytic incinerators usually continuously nonitor
control device operating paraneters, since variations in combustion
tenperature affect, and are directly related to, performance of the
control devices. |In this situation, the operators of thermal and
catalytic incinerators install, calibrate, operate, and maintain the
tenperature nonitoring devices follow ng manufacturers’
specifications. The tenperature of the control device is nmintained
at a level equal to or higher than the tenperature at which
conpliance was denpnstrated. Continuous em ssion nonitoring systens
(CEMS) may not be reliable for the coating industry, where the HAP in
the em ssion streans may conprise only a small percentage of the VOC
present. Also, the output of CEMS may not accurately reflect the HAP
concentration of the em ssion streamdue to differences in responses
anong t he HAP, nonHAP VOC, and products of inconplete conbustion, and
the presence of reactive and/or condensable em ssions. How to
integrate CEMS software with existing facility software and provide
reports are other challenges in the use of CEMS for any facility in
the coating industry, where starts, stops, and process variations
occur regularly in job shops that coat many and different product
types. Accommodations in reporting requirenents are al so needed for
the inevitable problenms at coating facilities, such as: automatic
shut downs; back pressure and val ve venting; and outages due to
regul ar on-1ine maintenance, such as carbon repl acenment.?®

Facilities in the POANC coating industry that operate sol vent
recovery systens nonitor control system performance using |iquid-
l'iquid mass bal ances. These mass bal ances provi de recovery data
averaged over the reporting period. Because the HAP em ssions are
recovered rather than destroyed, a mass bal ance at any point in tine

within the reporting period will reflect any intermttent system
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failures or fluctuations in control device efficiency. Since the
efficiency of the solvent recovery systemduring the reporting period
is not based on the average of discrete neasurenments of efficiency,
any individually measured control efficiency during the reporting
period may not agree with the overall efficiency calculated at the
end of the reporting period.

Facilities in the POAXC i ndustry that control HAP em ssions with
| ow- HAP coating fornmul ati ons need to maintain docunentation
confirmng the HAP content of the materials applied. |If
specifications provided by coating suppliers are inadequate to
establish the HAP content, additional conpositional analyses need to
be conducted by the facility.
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5.0 ENVI RONMENTAL AND ENERGY | MPACTS OF CONTROL OPTI ONS

5.1 | NTRODUCTI ON

The i npact analyses in this chapter are based on the
application of Control Option 1 to the nodel plants devel oped to
represent the paper and ot her web coating (POAXC) mmj or sources. As
di scussed in Chapter 4, Control Option 1 corresponds to an overal
control efficiency (OCE) of 95 percent. Thermal oxidation was
sel ected as the control device used to estimte the worst-case
envi ronmental and energy inpacts, since oxidation would generate the
greatest secondary em ssions. Also discussed in this chapter are
qualitative assessnents of the inpacts of using the other two contro
options discussed in Chapter 4, which involve the use of inert ovens
with solvent recovery (Control Option 2) and the use of coatings with
| ow | evel s of hazardous air pollutants (HAP) as in Control Option 3.
The use of solvent recovery via carbon adsorption instead of therna
oxidizers in Control Option 1 is also discussed.

Tabl e 5-1 shows the nine POAC nodel plants and the estimated
nunber of facilities nationw de represented by each nodel plant
category.! Note that although Model Plant 1c corresponds to an OCE
of O percent, the nodel plant group corresponds to facilities using
| ow- HAP coatings with | ess than or equal to 0.2 pounds (| b)HAP per Ib
of solids emtted or applied. Accordingly, no energy and em ssions
i npacts for Model Plant 1c are expected. Similarly, since Mdel

Plant 5 has an OCE of 95 percent that is equal to Option 1, no energy



Tabl e 5-1.

POWC Model

Pl ants and Their
Correspondence to the Nati onal

Esti nat ed
POANC | ndustry

Per cent
Nunber of of Esti mat ed
Coati ng HAP HAP Maj or Dat abase | Nunber of
Li ne Capture Destruction | Sources Maj or u. S
Model OCE, Efficiency, |Efficiency, in POAXC | Sources, Facili -
Pl ant | percent per cent per cent Dat abase | percent ties
la 0 0 0 18 20 41
1b 0 0 0 3 3 7
lc® 0 0 0 9 10 21
2a 50 55 90 22 25 50
2b 50 53 95 1 1 2
3a 80 89 90 10 11 23
3b 80 84 95 1 1 2
4 90 95 95 21 24 48
5 95 97 98 4 5 9
Tot al 89 100 203
a Model Pl ant 1c consists of facilities using | ow-HAP coatings that neet

the criteria of # 0.2 I b HAP per |b solids (Option 3).

And em ssions inpacts were estimated for this nodel plant group as
wel | .
5.2 ENERGY | MPACTS

The energy requirenents for inplenmentation of Option 1 for the

POWC i ndustry include electricity to collect and process ventilation
air and natural gas for thermal oxidizer fuel. The energy inpact
estimates are based on the installation of new capture systens for
pl ants except Mddel Plants 1c and 5,
Plants l1a and 1b,
Model

energy inpacts for the POAC node

nmodel new t hermal oxi di zers
Mbdel

exi sting oxidizers for

al |
for and i nproved destruction efficiency of
Pl ants 2a and 3a. Table 5-2 shows the

plants in ternms of increnental
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Tabl e 5-2. Energy I|npacts of Control Option 1
for the POANC Model Pl ants

Energy | npacts of Control
Option 1

Model Fan Power, Nat ural Gas,
Pl ant 1085 kW hr/yr 106 scf/yr

la 2.2 43.5

1b 7.5 92.5

1c 0 0

2a 1.1 17.8

2b 16. 4 0

3a 1.1 16. 7

3b 2.2 0

4 1.1 0

5 0 0

Note: This anal ysis assunmes the use of thernm

oxi di zers for Control Option 1.

i ncreases in power consunption (fan electricity) in kilowatt-hours
per year (kWhr/yr) and natural gas in standard cubic feet per year
(scf/yr).

Average electricity and gas consunption factors were cal cul at ed
for the nodel plants fromthe energy inpacts. For Mdel Plants 2b
3b, 4, and 5, that have oxidizers with destruction efficiencies of 95
percent or above, the average amount of electricity consuned for
i mproved capture systenms is 4.8 kWhr/yr per Ib of incrementally
controll ed HAP. For Moddel Plants la, 1b, 2a, and 3a, the average
amounts of electricity and natural gas consuned for new capture and
control systems are 5.6 kWhr/yr and 100 scf/yr per |b of

incrementally controlled HAP, respectively.
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Tabl e 5-3 shows the estimated nati onal energy inpacts of the
application of control option 1 to the POAC industry. This estimte
was devel oped by scaling up the nodel plant energy inpacts to the
estimted 203 POANC major sources in the US. Scale-up factors were
devel oped fromthe proportion of mpjor sources in the POAC dat abase
represented by each nodel plant group (see Table 5-1) applied to the
estimted total nunber of POANC major sources in the U. S

Tabl e 5-3. Total Estimted Energy | npacts of
Control Option 1 for the National POAC | ndustry

Total U. S.
| npact for
Energy | npacts Control Option 1
Fan Power,
106 kWhr/yr 313
Nat ural Gas,
10° scf/yr 3.7

Note: This analysis assunes the use of thermal oxidizers for

Control Option 1

The use of Option 1 with carbon adsorption is expected to
entail |ower increnmental energy consunption. According to an EPA
study, electricity consunption for a regenerable, fixed bed carbon
adsorber was estimated to be between 14 and 30 percent of the
electricity demand for a regenerative thermal incinerator, for
equi val ent process stream conpositions and flowates.? No natural
gas use is expected for carbon adsorption, assum ng that steamfor
desorption (carbon regeneration) is available on-site. Moreover,
carbon adsorption as part of a solvent recovery system may provide
solvent for reuse in the manufacturing process. At mnimm sol vent
recovery is expected to yield fuel that can be burned on-site,
resulting in energy savings.

Option 2 is expected to have increnental electricity

consunption simlar to Option 1 with carbon adsorption. Also, Option
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2 would correspond to I ower increnmental natural gas consunption,
since oxidizers would not be operated. The source reduction benefit
of recovered solvent and energy savings of usable fuel are expected
with this control option as well.

Conversion to | ow HAP coatings (Option 3), usually, would
represent a decrease in the total energy requirenment associated with
HAP control, since the energy associated with stream capture and
control would not be needed. However, special cases in which the
full energy savings may not be realized include: (1) tandem coating
operations, in which water-based coatings and sol vent - based coati ngs
are applied on the sanme coating line to the sane products;

(2) reformul ation involving the substitution of HAP conponents with
vol atil e organic conmpounds (VOC) that are not HAP; and, (3) water-
based coatings for filmcoating. The first case may involve higher
nat ural gas consunption by add-on controls on the coating |ine
because of a | ower exhaust inlet tenperature due to drying high-

nmoi sture coatings. Higher electricity consunption may al so be
associated with greater dryer airflow to dry high-noisture coatings.?
In the second case, the facility nmay not be able to discontinue the
use of add-on controls because of State regulations for VOC control
and emi ssions. In the third case, corona treaters nmay be needed to
be operated to treat surfaces of filnms so that they accept water-
based formnul ati ons.

5.3 AIR | MPACTS

The primary air inpact of inplenmenting the control options is
reduced em ssions of HAP to the atnosphere. Based on POAC survey
responses, 4 simlar reductions are expected for VOC. Em ssions of
ot her pollutants are generated with Option 1 due to the burning of
fuel and the production of electricity required for fan power.
Secondary em ssions were estimated for the follow ng pollutants:
ni trogen oxides (NQ), sulfur dioxide (SO), carbon nmonoxide (CO,
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carbon di oxide (CG), and particulate matter (PM. Conplete
conbusti on of hydrocarbons generates CO,, water, and PM inconplete
conbusti on generates, in addition, CO and SO,. All types of
conbustion in air generate NQ, with nore generated during inconplete
conmbusti on.

Tabl e 5-4 shows the em ssions inpacts of Option 1 with thernmal
oxidation, in ternms of increnmental HAP reduced and secondary
pol |l utant em ssions for each of the POAC nodel plants. Secondary
em ssions from natural gas conbustion in thermal oxidizers were
cal cul ated using the followi ng em ssion factors: 100 | b NG, per
mllion scf of natural gas, 0.6 Ib SO, per mlIlion scf, 84 I b CO per
mllion scf, 120,000 Ib CO, per mlIlion scf, and 7.6 | b PM per
mllion scf.5 Secondary em ssions fromelectric power production
were cal culated using the followng em ssion factors: 1.9 I b NQ per
t housand kWhr, 4.25 | b SO, per thousand kWhr, 702 I b CO, per
t housand kWhr,® 0.078 | b CO per thousand kWhr, and 0.081 | b PM per
t housand kWhr.” Electricity production was assuned to be entirely
from coal conmbustion to correspond to a worst-case estimate;
electricity production via “cleaner” nethods (i.e., hydroelectric or
nucl ear power) would result in |lower pollutant em ssions.

Tabl e 5-5 shows the estimated national em ssions inmpacts of the
application of Option 1 with thermal oxidation. This estimte was
devel oped by scaling up the nodel plant energy inmpacts to the 203
estimted major sources in the U S. Scale-up factors were devel oped
fromthe proportion of major sources in the POAC dat abase represented
by each nodel plant group (see Table 5-1) applied to the estinated
total nunmber of POWC major sources in the U S

Sel ection of other control options could result in equival ent
HAP/ VOC r educti ons. However, other control options would generate
different increnmental changes in secondary pollutant em ssions. The

use of Option 1 with carbon adsorption is expected to correspond to
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Table 5-4. Air Inpacts of Control Option 1
for the PONC Model Plants
Air Inpacts of Control Option 1, tons per year
Mbdel HAP/ VOC NQ, SO, CO co, PM
Pl ant Reduced | Emitted |Emtted | Emtted | Emitted | Emtted
la 94 4.3 4.7 1.9 3, 382 0.3
1b 1,677 11.8 16. 1 4.2 8,194 0.7
1lc 0 0 0 0 0 0
2a 124 2.0 2.4 0.8 1, 459 0.1
2b 1, 135 15.6 34.8 0.6 5,739 0.7
3a 137 1.8 2.2 0.7 1,370 0.1
3b 1,034 2.1 4.6 0.1 755 0.1
4 50 1.0 2.3 0.04 386 0.04
5 0 0 0 0 0 0
Note: This analysis assunmes the use of thermal oxidizers for
Option 1.

Tabl e 5-5. Tot al

Not e:
Option 1.

Estimted Air

| mpacts of Control

Option 1

for the National POAC I ndustry
Tot al
U.S. Inpacts
of Control Option 1,
Air | nmpact tons per year
HAP/ VOC Reduced 31,673
NO, Emtted 484
SO, Emtted 666
CO Emtted 168
CO, Emtted 331, 986
PM Em tted 27

Thi s anal ysis assunes the use of thermal

oxi di zers for

Cont r ol

Cont r ol



| ower increnental secondary em ssions fromelectricity production,
since carbon adsorption has | ower electricity consunption as conpared
with thermal oxidation, as previously discussed. Option 2 is
expected to correspond to simlar incremental secondary poll utant

em ssions fromelectricity production as with carbon adsorption.
Secondary eni ssions from natural gas use are not expected, since
oxi di zers woul d not be operat ed.

Conversion to |l ow HAP coatings (Option 3) is a pollution
preventi on measure, with capture and control systens generally not
needed. However, in the previously discussed exception where | ow HAP
coatings and sol vent-based coatings are applied on the sane coati ng
line to the sanme products, nore secondary em ssions due to natural
gas conbustion may be generated due to a | ower exhaust inlet
tenperature fromthe drying of high-noisture coatings.® Also, when
HAP chem cals are replaced with VOC chem cals in coating
formul ati ons, add-on controls may not be discontinued because of
State regul ations for VOC control and em ssions. Little change in
t he amount of secondary emi ssions fromexisting control systens are
t hen expect ed.

5.4 WATER | MPACTS

Water inpacts resulting fromthe inplenentation of the control
options at PONC plants are expected to be small. No significant
ampunt of liquid waste is generated fromthe use of thernal
oxi di zers.® Increnental increases in wastewater may result fromthe
follow ng: (1) plants that use steam for carbon bed desorption in new
or inmproved solvent recovery systens; and, (2) plants that
refornmul ate to water-based coatings. 1In the latter case, there may
be sonme increase in wastewater generated, since cleaning operations

are nmnore likely to involve water.
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5.5 SOLI D WASTE | MPACTS

Solid waste inpacts resulting fromthe inplenmentation of the
control options at POAC plants are not expected to be significant.
No solid or hazardous wastes are generated fromthe use of thernmal
oxi di zers. ' Cases that could involve increnmental increases in solid
waste include: (1) plants that use new or inproved catalytic
oxi di zers and, (2) plants that upgrade carbon adsorbers for existing
or new solvent recovery systens. 1In the first case, spent catalysts
may require di sposal as hazardous waste. However, due to the cost of
the catalyst, it is expected that the incinerator would be operated
in a way that maxim zes the catalyst life (expected to be nore than
10 years). In the second case, although nost of the spent carbon
could be sold for reprocessing, the remai nder woul d becone solid

wast e.
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6.0 MODEL PLANT CONTROL OPTI ON COSTS

6.1 | NTRODUCTI ON

This chapter presents the estinmated costs of applying Control
Option 1 with the use of thermal oxidizers to the paper and ot her web
coating (PONC) nodel plants. This control option involves the use of
per manent total enclosures (PTEs) and thermal oxidizers to achieve an
95 percent HAP overall control efficiency (OCE). The nodel plants
and the criteria used to choose them were described in Chapter 4.
Control options applicable to the POAC i ndustry were al so descri bed
in Chapter 4. Costs are presented for both existing and new
facilities.

Control Option 1 with thermal oxidizers was chosen because this
option was expected to be the worst-case for costs and inpacts. All
ot her control options, therefore, are expected to have |ower costs
(and | ess energy inpacts).

Sonetimes, catalytic incineration may be nore appropriate for
the solvents in use at POAC facilities. Catalytic incineration
systenms woul d have | ower operating costs and nmay have tota
annual i zed costs less than the estimtes for thermal oxidation
systenms. Concentrator systenms may be used to reduce the size and,
therefore, the capital and operating costs of the catalytic oxidizer.

Simlarly, solvent recovery may be nore appropriate as a
control nethod. As discussed in Chapter 5, the electricity
consunption is expected to be Iower for a solvent recovery system

than for a thermal oxidizer.! |In addition, the associ ated natural
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gas use is expected to be no nore than that required for the therm
oxi di zer, and the recovered solvent would have sonme additional fue
val ue. Thus, overall costs for a solvent recovery system are
expected to be | ower.

Alternatively, sone facilities muy choose to switch to | ow HAP
coatings. Switching to | ow HAP coatings coul d, sonetinmes, represent
a net savings over baseline |levels of control. The applicability of
this option depends |argely on the type of coating and the
performance requirenments of the product. Where feasible, conversion
to | ow HAP coatings could result in substantial reductions in
operating costs, conpared with the use of add-on controls. Note that
| ow HAP coatings may still require operation of a control device to
nmeet vol atile organic conpound (VOC) em ssions standards established
by other regulations if VOC has been substituted for the HAP
el i m nat ed.

New source costs were based on upgrading to the new source MACT
| evel of control (98 percent OCE) a facility with an em ssion control
configuration that woul d be expected in the absence of any new
regul ation. This em ssion control configuration was assuned to be a
PTE and a thermal oxidizer operating at 95 percent destruction
efficiency. The upgraded facility was based on the sanme control
configuration, but the thermal oxidizer destruction efficiency was
increased to 98 percent. Model plant 4 was chosen as the best
representation of this facility for costing purposes.

6.2 CAPTURE AND CONTROL APPROACH

The POWC nodel plants are presented in Table 6-1. The capture
and control approaches to inplenenting Control Option 1 for the nodel
pl ants are summarized in Table 6-2.

6-2



Tabl e 6-1.

Speci fications for

Model

Pl ants Representing

t he POAC | ndustry?

Coating Line | Controlled Uncontrol | ed
Overal |l HAP |Coating Line Aver age Average [Coating Line HAP
Control HAP Coat i ng Nunmber of | Nunber of HAP HAP Capture |Destruction
Model Pl ant Efficiency, Emi ssi ons, Use, Coati ng Coati ng Eni ssi ons, Efficiency, |Efficiency,
No. per cent LDy LDy Li nes Stations LDy per cent per cent
la 0 99 2,108 2 5 99 0 0
1b 0 1, 765 7,521 12 9 1, 765 0 0
lcb 0 48 6, 597 3 17 48 0 0
2a 50 138 8, 607 5 11 276 55 90
2b 50 1, 261 369, 929 31 154 2,522 53 95
3a 80 183 7,518 3 8 915 89 90
3b 80 1,378 14,516 8 15 6, 890 84 95
4 90 99 3,431 4 12 990 95 95
5 95 40 5, 498 5 19 800 97 98

tpy = tons per year.

Al t hough a control efficiency of zero is stated, this nodel plant is assuned to be using conpliant
coatings with less than or equal to 0.20 | b HAP per

to 95 percent overall control. Therefore,
Option 1.

I b coating solids that are consi dered equival ent

no additional control is needed to conply with Contro

6-3



Tabl e 6-2. Capture and Control Approach for the POAC Model Plants
with Control Option 1
Model Pl ant
Coati ng Line Model Pl ant
Overal | HAP Model Pl ant HAP
Cont r ol HAP Capture Destruction | Approach for Capture and Control
Model Ef ficiency, Ef ficiency, Ef ficiency, to Conply with Control Option
Pl ant per cent per cent per cent 1ab
la 0 0 0 PTE and new T.O., plus MR&R
1b 0 0 0 PTE and new T.O., plus MR&R
1c 0 0 0 MR&R
PTE and i ncrease T.O.
destruction efficiency, plus
2a 50 55 90 MR&R
2b 50 53 95 PTE, plus MR&R
PTE and i ncrease T.O.
destruction efficiency, plus
3a 80 89 90 MR&R
3b 80 84 95 PTE, plus MR&R
4 90 95 95 PTE, plus MR&R
5 95 97 98 MR&R

PTE = permanent tota

recor dkeepi ng.

Contro

Option 1 is the use of a PTE and a thermal

efficiency to achieve an OCE of 95 percent.
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oxi di zer operating at 95 percent destruction




As shown in Table 6-1, Mddel Plants la and 1b do not have any
capture or control devices. To inplenment Control Option 1, it was
assumed that a PTE would be installed to increase the capture
efficiency to 100 percent, and a new thermal oxidizer (T.0.) with a
destruction efficiency of 95 percent would be added, to produce an
overall control efficiency of 95 percent. Moddel plant 1c uses
conpliant coatings equal to an OCE of 95 percent and, thus, no
addi ti onal control was needed to nmeet the requirenments of Control
Option 1.

Model Pl ants 2a and 3a have | ess than 100 percent capture and
destruction efficiencies of 90 percent. The approach to inplenent
Control Option 1 for these nodel plants included installing a
per manent total enclosure, and increasing the destruction efficiency
of the existing thermal oxidizers from90 to 95 percent.

Three of the remaini ng nodel plants (2b, 3b, and 4) have
destruction efficiencies equal to 95 percent and capture
efficiencies | ess than 100 percent. Therefore, it was assuned that a
PTE woul d be installed at these facilities to inplenment Control
Option 1, increasing the capture efficiency to 100 percent and the
corresponding OCE to 95 percent. Since Mddel Plant 5 has an OCE of
95 percent, no increase in capture or destruction efficiency was
needed to i nplenment Control Option 1. Because nonitoring,
reporting, and recordkeeping (MR&R) costs apply to all facilities,

t hese costs were applied to each nodel plant, including Model
Plants 1c and 5.
6.3 MODEL PLANT CAPI TAL AND ANNUAL COSTS - EXI STI NG SOURCES

The capital and annual costs of the four primary cost itenms to
meet Control Option 1 are presented in this section. The four cost
items are: (1) installation of a permanent total enclosure, (2) a new
t hermal oxidizer, (3) increasing destruction efficiency of existing

thermal oxidizers from90 to 95 percent, and (4) nonitoring,
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reporting, and recordkeeping. Each of the nodel plants will incur at
| east one of these cost itens and sone conbi nati on, but not all, of
t he ot hers.

6.3.1 Permanent Total Encl osures--Cost Rel ated Backaround

A PTE is an enclosure that surrounds a source of em ssions such
that all em ssions are captured and contai ned, usually for discharge
to a control device. |If the EPA's five point criteria for a fully
encl osed room from Met hod 204 are nmet, 100 percent capture of the
contam nants in the roomcan be assumed. These criteria are not
di scussed here, but detailed discussions can be found in the
l[iterature. 234

The process of designing a PTE for any given capture
application can be broken down into four basic areas of concern:
regul atory, operational, safety and health, and econom c. Each area
must be considered alone and with the others. For exanple, designing
an encl osure based solely on regulatory requirenents would not ensure
operator safety. Simlarly, a PTE designed solely with safety in

m nd could result in several operational and econom c deficiencies.>®

The regul atory issues consist primarily of neeting the five
criteria established for PTEs in Method 204 as nenti oned above.
Operational considerations include material selection and
process/ operator needs. Common PTE materials of construction are
pl astic over frame, frane and drywall, sheet netal, prefabricated
panel s, plywood, and cinder block. Inportant process/operator needs
i nclude optinmum product flow, operator access, maintenance
accessibility, and expansion capability.”8

Safety and health considerations have a significant inpact on
all the other areas of PTE design consideration. Roomventilation
and air changes nust be considered for their effect on health and

safety. There is no specific ventilation or air change requirenents
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established by the EPA for PTE design. The Occupational Safety and
Heal th Adm nistration (OSHA) does recommend four air changes per hour
in dusty environnments, but does not address gaseous environnments.
Sonme industry experts recommend between four and twelve air changes
for gaseous environnents, depending on the application.® One
recogni zed PTE expert who has been involved with nore than 100 PTE
installations, believes PTEsS with | ess than four room air changes per
hour are unconfortable for workers and may result in product quality
problenms for facilities; further, all PTEs should be designed for at
| east ten room air changes per hour, whenever possible.® The airflow
characteristics of the PTE are inportant to insure that a steady flow
of fresh air is supplied around or past operator work stations.
Odors and expl osion potential are additional health and safety
concerns that nust be considered in the design of a PTE. 1°

There are al so econom c considerations involved in designing a
PTE. The costs associated with PTE installations vary with the scope
of the project. The construction cost of a PTE is dependent upon how
much cutting is needed to place walls or ceilings, the type of doors
used, the ampunt of duct work that has to be nodified to neet the
Met hod 204 criteria, how nmuch air conditioning is needed (if any),
and the degree to which nodifications to the make up air system are
required. One consulting firmw th experience in nore than 100 PTE
installations reports that total PTE installation costs can range
from $8,000 to $200, 000, depending on the size and scope of the work
i nvol ved. 213 Costs for a PTE can be hi gher where substantial air-
conditioning changes are required, or cuts are needed for conduits,
ducts, pipes, electrical switchgear, etc.'%?%

A common mi sconception concerning the installation of PTEs is
t he assunption that increased air volumes will need to be handl ed,
and, therefore, the control device will need to be bigger to handle

the increased airflow. Vhile this is true for sonme PTE
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configurations, a well-designed enclosure can be adequately
ventilated using the existing process exhaust air flow. 1617181920 By

i ncorporating airflow reduction techni ques, such as cascading the
exhaust air froma | ower concentration source to a higher
concentration source, lowering the ceiling/raising the floor, and the
use of closed-1oop systens, air flows can be sonetines decreased over
t hose associated with the process before the installation of the

PTE. 21.22.23  One conpany that has retrofitted PTEs at nore than 50

pl ant sites in ten different industries has found that air flows from
t he workpl ace can be reduced by 25 to 50 percent while sinultaneously
enhancing the air quality in the working environnment. ?

Anot her popul ar m sconception concerning PTE use is that the
operator’s environnent is necessarily conprom sed due to the
concentration of contam nants in the reduced work area. In a well-
desi gned PTE with appropriate room air changes, well-designed
ventilation pattern, and sonetines, addition of a closed-loop air-
conditioning system the air quality within the enclosure is often
far better than pre-PTE conditions. 25262728

There are five basic designs for the PTEs built over the |ast
ten years. These include: (1) large room buil ding PTE using existing
wal l's; (2) PTE for one or nore sources using newy constructed walls;
(3) PTE around the wet end of equipnment (manned); (4) PTE attached to
or made part of the equi pnent (unmanned); and (5) PTE within a PTE
(for use of conpliant and nonconpliant materials).?® One firmwth
extensive PTE installation experience has found that nost facility
owners/operators initially desire that the entire room be the
enclosure with little nodification and little disruption to their
exi sting operations. Wrker confort and | ower explosive limt
eval uations |l ead to other decisions on PTE designs.® This costing
anal ysis assunes that the PTE would consist of either the entire

coating room or conpletely cover each of the coating |ines.
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6.3.2 PTEs for the Mddel Plants
The costs of the PTEs for the nodel plants were based on case

study information fromthe literature, 3 adjusted to reflect the
estimated relative size of the coating roons and anti ci pated
difficulty of installation (nunber of cuts needed, etc.).3® Since
t he PTEs nust be custom designed for each facility, it was not clear
if these engineering/design costs were fully accounted for in the
case study costs. Therefore, an additional engineering cost, equal
to 10 percent of the cost of the PTE, was assuned for the nodel
pl ants. Further, it was assunmed that spot air conditioning (AC
woul d be installed along with the PTE, with the cost of the AC
esti mated based on the exhaust flowates for each nodel plant.3 The
total nodel plant capital costs of the PTE-rel ated conponents vari ed
from $110,000 to $1.7 mllion. The capital costs associated with the
design and installation of a PTE for the POAC nodel plants are
presented in Table 6-3.3

The annual PTE costs are presented for each of the nodel plants
in Table 6-4. These costs include the capital recovery
costs associated with the capital investnment, plus the electricity
required to operate the spot air conditioning. The annual nodel
pl ant costs of the PTEs range from approxi mately $37,000 to
$873, 000. 3
6.3.3 New Thermal Oxidizers

For Model Plants la and 1b, which have no capture or control

systens, costs for new thermal oxidizers were estimated, along with
the costs associated with the installation and operation of PTEs.
Because of the relatively high air flows associated with these two
nodel plants, it was assunmed to be reasonable that regenerative

t hermal oxidi zers would be chosen. The costs associated with the new
regenerative thermal oxidizers were estimted using costing
spreadsheets devel oped by the EPA. 3¢
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Table 6-3. Capital Costs of Permanent Total Encl osures
for the POANC Model Plants
Air- Total PTE-
Engi neeri ng condi ti oni ng rel ated
Exhaust, PTE Cost, Cost, Capi t al Capi t al
Model Pl ant scfm $ $ Cost, $ Cost, $
la 61, 829 20, 000 2,000 106, 000 128, 000
1b 212,620 130, 000 13, 000 170, 000 313, 000
1c 71, 089 N A N A N A N A
2a 115, 751 50, 000 5, 000 94, 000 149, 000
2b 1, 690, 700 260, 000 26, 000 1, 400, 000 1, 690, 000
3a 108, 703 20, 000 2,000 88, 000 110, 000
3b 222, 390 100, 000 10, 000 180, 000 290, 000
4 113, 698 50, 000 5, 000 92, 000 147, 000
5 92, 320 N A N A N A N A
Assunpti ons:
1) Al'l costs 1998 doll ars.
2) Base permanent total enclosure (PTE) cost based on case studi es® 3 and engi neering judgenent. 3
3) PTE costs of individual nodel plants based on estinated relative size of coating room and engineering
j udgenent . 4°
4) Engi neering cost estimted as 10 percent of PTE cost.*
5) Air conditioning (AC) cal cul ati ons assune spot air conditioning is install ed.
6) Air-conditioning cost based on cost factors of 25 tons per 20,000 scfm and $30,000 per 25 tons
capacities. *
7) Electricity required for AC capacity cal cul ated using an equation fromthe literature.*
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Tabl e 6-4. Annual Costs Associated with Installation
and Operation of Permanent Total Enclosures (PTE)
for the POANC Model Pl ants

Model Pl ant la 1b lc 2a 2b 3a 3b 4 5
Tot al 128,000 | 313,000 |N A |149,000 | 1,686,000 |110,000 | 290, 000 147,000 |NA
Capi t al
| nvest nent,
$
ANNUAL COSTS, 1998 DOLLARS
El ectricity, 26, 967 92, 737 N A | 50, 486 737,418 47,412 96, 998 49, 591 N A
$/yr
Capi t al 10, 315 25, 224 N A | 12,007 135, 869 8, 865 23, 370 11, 846 N A
Recovery,
$/yr
Total Annual |$37,282 | $117,960 |N A |$62,493 | $873,287 | $56,277 |[$120, 368 | $61,437 |NA
Cost s
Assunpti ons:
1) Total capital investnent includes cost of PTE, engineering, and spot air conditioning capacity, as
described in Table 6-3.4
2) PTE capital costs based on estinated size of coating room case study cost data, and engi neering
j udgenent . 4546
3) Electricity required for cal culated AC capacity cal cul ated using equation presented in the
literature.?’
4) Capital recovery based on a 10-year equipnent life, 7 percent interest rate,. 484950
5) El ectricity costs based on 6,600 hours of operation per year and a unit rate of $0.0451/ kW, based on

information from Energy Information Adm nistration for 1998. 5
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The capital costs associated with installation of new thernmal
oxi di zers and associ ated PTEs at nodel plants la and 1b are presented
in Table 6-5. The capital costs are those associated with (1) the
new regenerative thermal oxidizer, and (2) the PTE. The capital
costs for Model Plants la and 1b were estimated at approximtely $2.5
mllion and $6.8 mIlion, respectively.

The annual costs associated with installation of new thermal
oxi di zers and associ ated PTEs at nodel plants la and 1b are al so
presented in Table 6-5. Besides capital recovery costs, these
annual costs also include annual costs for |abor and mai ntenance
mat erials; natural gas for the thermal oxidizer; electricity for the
t hermal oxidi zer and the PTE air conditioning; annual nonitoring,
reporting, and recordkeeping costs; and overhead and ot her
m scel | aneous costs. The annualized costs of new thernal
oxi di zers and associ ated PTEs for Mdel Plants la and 1b were
approxi mately $725,000 and $1.9 mllion, respectively.

6.3.4 lncreasing Destruction Efficiency of Existing Thernmal
Oxi di zers
To neet the requirenments of Control Option 1 with Mddel Plants

2a and 3a, the destruction efficiencies of the existing thernmal
oxi di zers were increased from 90 to 95 percent and a PTE was used to
increase the capture efficiency to 100 percent. The capital costs of
this capture and control approach are presented for Moddel Plants 2a
and 3a in Table 6-6. The capital costs associated with any capital

i nprovenents to the existing thermal oxidizers that my be needed
were estimated as 10 percent of the cost of a new regenerative
thermal oxidizer. The capital costs of PTE and nonitoring,
reporting, and recordkeeping requirenments were cal cul ated as

descri bed for the other nodel plants, above.
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Tabl e 6-5. Regenerative Thermal Oxidizer Capital and Annual

Operating Costs for POAC Model Pl ants&?®c¢

Model Pl ant la 1b
Flowate to Thermal Oxidizer, scf 61, 829 212,620
CAPI TAL | NVESTMENT
T.0. and auxiliaries (A $2, 351, 820 $6, 467, 733
PTE (B) $128, 000 $313, 000
MR&R ( C) $0 $0
Total Capital Investnent (A+B+C) $2, 479, 820 $6, 780, 733
ANNUAL COSTS
Operating | abor $15, 515 $15, 515
Supervi sory | abor $2, 327 $2, 327
Mai nt enance | abor $2, 151 $2, 151
Mai nt enance material s $2, 151 $2, 151
Nat ural gas $134, 940 $286, 649
Electricity associated with T.O
operation $71, 903 $247, 096
Electricity associated with PTE
operation $26, 967 $92, 737
Over head $13, 287 $13, 287
Taxes, insurance, adm nistration $99, 193 $271, 229
Capital recovery for T.0. and PTH $345, 161 $960, 648
Capital recovery for MR&R $0 $0
VR&R $11, 827 $11, 827
Total Annual Costs $725, 422 $1, 935,616

Cal cul at ed usi ng the EPA cost spreadsheet programfor regenerative

t hermal oxi di zers. 52
In 1998 doll ars.

T.0. = thernmal oxidizer, PTE = permanent tota
MR&R = nonitoring, recording, and recordkeeping
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Assunpti ons:

spot air
rate. 56, 57, 58, 59

1) Per manent total enclosure (PTE) costs estinated based on case studies
and engi neering judgenent. 535455

2) PTE costs assune engi neering = 10 percent PTE cost;
conditioning, 10-year life, 7 percent interest

3) Because regenerative thermal oxidizers are field built,

that ductwork costs are included in the Total

esti mat e. 60.61

4) Assunes 95 percent heat recovery,

hours per year. ®?

5) Operator |abor rate = $37.61/ hr,
rate =$41.37/hr. Both based on escal ated Bureau of Labor

data for 1998. 83

6) El ectricity cost $0.0451/ kW, natural
on information from Energy Information Adm nistration for

Tabl e 6-6. Capital and Annual

Costs of

20 inch pressure drop,

mai nt enance | abor

Capi t al

it was assuned
| nvest nent

6, 600 operating

rate = 1.1*operator

Statistics

gas cost $3.099/ nmscf, both based

1998, 64.65

I ncreasing Destruction

Efficiency of Existing T.O.s in the POAXC I ndustry &P

MODEL PLANT 2a 3a
CAPI TAL COSTS
I nprovenents to existing T.O. (A) $382, 480 $363, 044
PTE (B) $149, 000 $110, 000
MR&R ( O) $0 $0
Total Capital Costs (A+B+C) $531, 480 $473, 044
ANNUAL COSTS
Capital recovery of A B, C above $68, 585 $62, 121
Increased fuel and electricity (T.0) $55, 090 $51, 718
Increased electricity for PTE $50, 486 $47, 412
VR&R $11, 827 $11, 827
Total Annual Costs $185, 988 $173, 078
Al'l costs in 1998 dollars.
NRER = Toni fori ng, T apoi ting. and recordkeeping o oo ¢
Assunpti ons:
1) Overall control efficiencies of existing oxidizers were increased to 95

percent by a) adding a PTE, b) increasing conmbustion tenperature, and c)
maki ng any necessary capital inprovenents to the existing oxidizers to

al l ow i ncreased destruction efficiency to be achieved.
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2) Cost of capital recovery cal cul ated based on a 10-year equipnent life
and 7 percent interest rate (according to OVB gui dance) . 66.67.68

3) Increased fuel and electricity costs for thernmal oxidizer were
cal cul ated (using the EPA regenerative thermal oxidizer spreadsheet) as
the difference in fuel and electricity costs for an oxidizer of the
appropriate size operating at conbustion tenperatures of 1300°F and
1600°F. ©°

4) Operator |abor rate = $37.61/hr, maintenance | abor rate = 1. 1*operator
rate =$41. 37/ hr. Both based on escal ated Bureau of Labor Statistics
data for 1998.7

5) Electricity cost $0.0451/ kW, natural gas cost $3.099/nscf, both based
on information from Energy Information Adm nistration for 1998.7%72

The annual costs of increasing the destruction efficiency of
the existing thermal oxidizers at Mddel Plants 2a and 3a, including
t hose associated with the PTE and nonitoring, reporting, and
recor dkeeping, are also presented in Table 6-6.

The increased natural gas and electricity usage associated with
increasing the destruction efficiency from90 to 95 percent was
cal cul ated (using the EPA costing spreadsheets) as the difference in
fuel and electricity use for an appropriately-sized regenerative

t hermal oxi di zer operating at 1300°F and 1600°F.”® The costs of
capital recovery were added to these increased fuel and electricity
costs to estimate the annualized costs for Mddel Plants 2a and 3a as
approxi mately $186, 800 and $173, 000, respectively. The capital costs
of increasing the destruction efficiency from90 to 95 percent,

i ncluding the associated PTE and nonitoring, reporting, and

recor dkeepi ng, were approximately $531, 000 and $473, 000 for Mbdel

Pl ants 2a and 3a, respectively.

6.3.5 Monitoring, Reporting, and Recordkeeping

There will be nonitoring, reporting, and recordkeeping
requirenents for all affected POANC facilities, and therefore, for al
of the nodel plants. 1In addition, the nodel plants with capture and
control devices will require parameter nonitoring devices for the
capture and control systens, such as pressure and/or tenperature

nmonitors. Because such nonitoring devices are typically included in
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t he cost of the control device, no additional capital costs were
i ncl uded here.

The annual nonitoring, reporting, and recordkeepi ng costs for
each of the nodel plants are presented in Table 6-7. The nopdel pl ant
total annual nonitoring, reporting, and recordkeeping costs were
$14,322 for all nmodel plants except for 1c. This nodel plant was the
only one using all conpliant coatings, resulting in an increased MR&R
burden. The total annual MR&R costs for Mdel Plant 1c were $17, 231.
These costs reflect the requirenents specified in the proposed
regul ati on and for which detailed | abor hour and cost estimates were
devel oped in the Standard Form 83-1 Supporting Statenent.’

Table 6-7. Capital and Annual Operating Costs Associated with
Moni toring, Recording, and Recordkeepi ng (MR&R) Requirenents
for the POAC Model Plants

MR&R Annual Operating
Model Pl ant Cost
la $14, 322
1b $14, 322
1c $17, 231
2a $14, 322
2b $14, 322
3a $14, 322
3b $14, 322
4 $14, 322
5 $14, 322
Assunpti ons:
1) All costs 1998 doll ars.
2) Annual operating costs are detailed in the Standard Form 83-1 Supporting

St at emrent . 7°
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6.4 TOTAL COSTS AND COST EFFECTI VENESS - EXI STI NG SOURCES

The total capital investnment (capital cost) for each capture
and control approach for the nine nodel plants with Control Option 1
is summarized in Table 6-8. Depending on the capture and control
approach taken, these capital costs include the costs of new thermal
oxi di zers or inprovenents to existing thermal oxidizers, and PTEs.
Because Model Plant 1c uses all conpliant coatings and Model Plant 5
is already achieving 95 percent OCE
t hrough the use of controls, there were no capital costs for these
nodel plants. The total capital costs for the remaining nodel plants
ranged from approxi mately $147,000 to $6.8 mllion.

The total annual costs of the capture and control approach to
Control Option 1 for the nine nodel plants are presented in
Table 6-9. These total annual costs include capital recovery costs
and operating costs such as |abor, fuel, and electricity, as well as
MR&R costs. The total annual costs for the nodel plants ranged from
approxi mately $12,000 to $1.9 million.

The cost effectiveness of the capture and control approaches
for the nine nodel plants are presented in Table 6-10. The anmount of
HAP control |l ed represents the additional HAP controlled from
i npl ementing the capture and control approach to inplenment Control
Option 1 in the nodel plants. For instance, for Mddel Plants la and
1b, which have no control, the HAP controlled represents 95 percent
of the uncontrolled em ssions. Mdel Plants 2b, 3b, and 4, however,
all have existing capture and control systems. The HAP controll ed
for these nodel plants represents the additional HAP that is

controlled by increasing the capture efficiency to 100 percent by
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a

Table 6-8. Total Mddel Plant Capital Costs for Conmplying with Control Option 1
Uncontrol | ed
Aver age Aver age Coati ng Line Tot al
Nurmber of Nurmber of HAP Mbdel Pl ant
Approach for Capture Coat i ng Coating [Coating Use, | Em ssions, Capi t al
Mbdel Pl ant and Control @ Li nes St ati ons t py t py Cost s®
la PTE and new control device 2 2,108 99 $2, 479, 820
1b PTE and new control device 12 7,521 1,765 $6, 780, 733
1c po change 3 17 6, 597 48 $0
2a PTE and increase T.0O. efficiency 5 11 8, 607 276 $531, 481
2b PTE 31 154 369, 929 2,522 $1, 686, 000
3a PTE and increase T.0O. efficiency 3 8 7,518 915 $473, 044
3b PTE 8 15 14,516 6, 890 $290, 000
4 PTE 4 12 3,431 990 $147, 000
5 po change 5 19 5, 498 800 $0
PTE = pernmanent total enclosure
T.0 = thermal oxidizer
I ncludes MR&R for all nodel plants.
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Table 6-9. Total Mdel Plant Annual Costs for Conplying with Control Option 1
Uncontrol |l ed
Aver age Aver age Coati ng Line
Nunber of Nunber of HAP Total Annua
Model Approach for Capture Coat i ng Coat i ng Coating Use, Em ssi ons, Model Pl ant
Pl ant and Control?2 Li nes Stations t py t py Cost sP
la PTE and new control device 2 5 2,108 99 $725, 422
1b PTE and new control device 12 9 7,521 1, 765 $1, 935, 616
1c ho change 3 17 6, 597 48 $17, 231
2a PTE and increase T.0O efficiency 5 11 8, 607 276 $185, 988
2b PTE 31 154 369, 929 2,522 $885, 113
3a PTE and i ncrease T.0O. efficiency 3 8 7,518 915 $173, 077
3b PTE 8 15 14,516 6, 890 $132, 194
PTE 4 12 3,431 990 $73, 263
5 no change 5 19 5,498 800 $11, 827

a

b

PTE = permanent tota
I ncl udes MR&R for al

encl osur e;

nodel pl ants.

T.O. = thernal

oxi di zer
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Tabl e 6-10. Cost Effectiveness of Capture and Control Approaches
to Control Option 1 for the POAC Mbdel Plants
HAP Annual Cost

Model Approach for Capture and Reducti on, Cost, Ef f ecti veness
Pl ant Control 2 t py 1998% , $/ton

la PTE and new control device 94 $725, 422 7,717

1b PTE and new control device 1,677 $1, 935,616 1, 154

1c Conpl i ant coati ngs/ no change 0 $17, 231 N A

2a PTE and increase T.0O. efficiency 124 $185, 988 1, 500

2b PTE 1,135 $885, 113 780

3a PTE and increase T.0O. efficiency 137 $173, 077 1, 263

3b PTE 1,034 $132, 194 128

4 PTE 50 $73, 263 1, 465

5 no change 0 $11, 827 N A

a  PTE = permanent tota

T.O

= t her mal

encl osure

oxi di zer
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adding a PTE. The cost effectiveness for the nine POANC nodel plants
ranged from approximtely $130 to $7, 700 per ton of increnentally
controll ed HAP

6.5 MODEL PLANT CAPI TAL AND ANNUAL COSTS - NEW SOURCES

Based on projected growh rates for the four ma or POANC
i ndustry SIC codes, it was estimated that 32 new mmj or source PONC
facilities will be built in the five years follow ng promnul gati on of
the regulation.’ For costing purposes, Mdel Plant 4 was chosen as
bei ng the nost representative of the |evel of control these new
facilities will use absent any new regul ation. Thus, the baseline
| evel of control for the new facilities was assunmed to be a PTE
operating at 100 percent efficiency and a thermal oxidizer operating
at 95 percent destruction efficiency.

In order to estimate the cost for new facilities to upgrade
fromthe baseline | evel of control to the new source MACT floor |evel
of control of 98 percent OCE, it was assuned that the facility would
make capital inprovenents to the existing thermal oxidizer to
increase its destruction efficiency to 98 percent. The costing
met hodol ogy presented in Section 6.3 was used for the annual costs of
operating the PTE. The inprovenents in the operation of the thermal
oxi di zer were assuned to require 10 percent of the capital cost of a
new t hermal oxidizer. The estimated annual cost for the operation of
the thermal oxidizer was based on the increased cost of operation at
1800EF versus 1600EF. Total annual costs also include MR&R costs.

The new source annual and capital costs were estimted to be
approximately $5.2 mllion and $12 mllion, respectively. These

costs are summarized in Table 6-11
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Tabl e 6-11. Annual and Capital Costs of Achi evi ng New Source MACT
FI oor Level of Control
POAC Costs Facility Nunber of |Total Annual
Cost s New Cost
Facilities

Annual Costs Associated with...

Oper ation of Permanent Tot al $61, 437 32 $1, 965, 984
Encl osure (PTE)

Moni toring, Reporting, and $11, 827 32 $378, 464
Recor dkeepi ng (MR&R) Requirenents

Capi tal Inprovenents and Qperatioh $89, 725 32 $2, 871, 200
of New Thermal Oxidizers (TO?

Total Annual Cost of Conplying w {$162, 989 32 $5, 215, 648
98 Percent COCE

Capital Costs Associated with...

Pur chase of Pernmanent Tot al $0 32 $0
Encl osure (PTE)

Capital Inprovenents to New Ther mpl$376, 753 32 $12, 056, 096
Oxi di zers (TO Operating at 1800

degrees F

Equi prent for Mnitoring, Reporting, $0 32 $0
and Recor dkeepi ng ( MR&R)

Requi rements of POAC Rul e

Total Capital Investnent for $376, 753 32 $12, 056, 096
Compl ying with 98 Percent OCE
a8 Annual Costs of Capital |nprovenents and Operation of New Thermal Oxidizers
i nclude: 10 percent of the capital costs of purchasing a new TO operating at

1800 degrees F plus the increase in electricity and natural

1600 to 1800 degrees F.
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